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FATIOFAL ADVISORY COMMITTET FOR AERONAUTICS

ADVANCE RESTRIOYED EEPORT

FATIGUE CHARACTERIS®IOS OF SPOT-WELDED 24S-T ATLUMINUM ALLOY

By HE. W. Ruesell, L. R. Jackson,
H. J. Grover, and V. ¥W. Beaver

SUMMARY

The results of this investigation may be summarized aa
follows:?

l. The statlic shear strength of spot welds in lap Jolnts
of 248-T alclad increases with increasing sheet -thickness for
thickneseces in the range 0.025 inch to 0.032 inch. This in-
creane Iin static strength of spot welds also 1s evident in the
fatigue oroperties. At low atrosses (long 1ife), varistions
in spot—-weld quality appear to be not so lmportant as in static
tests or in high stress (short 1ife) tecsts.

2. The atatic strength-welght ratio of stiffoned parel
gectiong in which the samo stiffersr 1s used with penels of
various thicknesces is found to be higher for thin shecets than
for thiclk onee. This 1s ir spgrocment with rorulte obteined
by orevious investigators. The low etress (lonz 1ife) fatiue
strongth~welsht ratio, however, sho-8 an apoosite trond in the
range of sheet thicmnoss from 0.C25 to 0,0%1 inch. The ronson
for this condition 1s that the low-stresa~fatigzue results
follow the same trend &s tne start of buckling in the material,
and a thicler sheet tends to ralse the streass at which buckli:g
gtarts.

3. The presonce of unstressed "ascabd" shoets attached by
spot wclds causes slight reduction 1n both the static yleld
strength and temnslle strength with considerably greater reduc-
tion in ductility. The low stress (long lifs) fatigue strength
of the sheet does not appear to be altered to any great extent
by the presence of spot welds, slince, 1n tests of this type,
fallure usually occurs in the 3-inch~radius flllet Joining
tho cnde and the tost sectlon of the sample in preference to
the region along the line of the spot welds.



4, Motallographic examination indicates that the portion
of the spot weld subject to fatigue loading is the sharp re-
entrant angle formed by the two shcots at the weld button. It
aprears that fatigue failures always start in this "craclk."
Orce fatigue fallures have started, howevor, tho course of the
crack dopends upon the system of stresses lmposed. The externt
of weld penetration aoppears to he more lmmortant in determining
fetigue strength than 1t 1s in determining static strongth.

ILTRODUCTION

This rapor covers thc study of fatlgue propcrties of
threo simple but basic types of spot~wrolded structures made
from 24S-T alclad sheet, arnd it is tho final renort on research
conducted in thils investigetion. An advance restrictsd report
entitled "Progress Report cn Fatigue of Spot—Welded Alumirum,"
by H. W. Russell and L. R. Jackson, dated February 1943, (ref-
erence 1) describes tho first half of the rosearch conducted
in thie investigetion. It wes believod advisabls, however, to
meko this proesent report corwleto in itself; so a large amount
of informntion preserted ir reference 1 is also corntained in
this rovort.

The revort is cdivided into four parts and two appendizes.
The first part deals with statle and dynamic testas of spot-
wolded la» Joints loaded in tensiosn; the sccond, with comprce-
glon tests of stiffenid Hanels; the thlrd describes an investi-
gation of tonslon sreclmense with unstressed attachrents; snd
the fourth, a correlation of fatlguo mroveriies with the motal-
lurgical structure cnd the geometry of spot weids. Apporndix I
conslsts of a report by tkhe Aluninum Comperny of America ~n tho
mechanical properties of tho alclad shest uscd in this investi-
ration. In appendix 1II the methods used in testing the sgpoci-
mens are described in detail.

This investligation, on the fatigue characteristics of evot-
wolded joints in aluminum 2US-T alclad, .which wes vndortsken
by the Batielle Memorial Institute in May 1942, wes eponsorod
by, and conducted with financlal asslstance from, the iational
Advisory Commititee for Aeronautics.

Tho 24S-T alcled cheet usol in this investlgation was
furnished by The Glenn L. Martin Comvany through the courtesy
of Mr. S. A. Gordon; hat-shape strinjer soctlions wore furnichod



by the Curtiss-Wright Corporation through the courtesy of Mr.
E. 8. Jenkins. Tho spot-welding and tho X-ray examination of

wolds were done at the Wolding Laboratory at tho Renssolaer

Polytechnic Instituto under tho diraction of Doctor ¥. ¥. Hess.
Tansile and pack compression tests on coupons reorescntative
of the sheet material were conducted by the Aluminmum Company
of Anmerica through the courtosy of Mr. R. L. Templin.

I. TESTS ON SPOT-WELDED LAP JOINWTS I THMSION

Material Uscd in Making Bamplos

Tests havo boen run on samples mado from 24S-T alclad
in three thickmessos: 0.025, 0.032, end C.O0MO inch. Sinco
primary intorost is in the spot welds, the rtroperties of tho
sheot materlel 1tsclf wore ctudied orly enough to insure that
tho shcot 1s represontative of ito clase of metorial. Statice
tests woro run in tho Alvainum Besenrch Laboratorics taroush
the courtesy of Mr. R. L. Temylin. (Sce appordix I.) Table
1 ghowe the reasults of acasurcmeantc on test counons from tro
particular shccts used in mskirg the lup Jjelnt snecimens.
Gencral consluslons are thet thoe tensilo strergthse, tho yisold
strongths, and the clongztlonn are oquai to or groater t-an
typicel valuos for 24S-T aleclad rrd that trhe diffcroncos in
tensilo vroperties are fuch as would bo mormaily esmpectcd
for scveral lots of gheot.

Spot—Koalding Dotrils, Construction of Samplos,
and Static Test Results

The lap joint teat ploces consiasted of astrivs 2 inchos
long by 5 inches wide, cut parallel to the direction of rolling
and joinod by a lap joint with a l-inch overlap. For ocach
thiclmess, two wold spacings, 3/% inch and 1% inches, wero
usod. In both cases, the sinzle line of aspots was centered
in tho l=inch overlap soction. Figuro 1 is a photograph of
a tyolcal sample.

Tho spot~welding on all tost plecos was dono at the
Renssalaor Polytechnic Institute. Table 2 suumarlzos their
information on surface treatment and on epot~-wolding corditions
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for the sheot used to make the lap joint (and that for tuo un-
strossod attachmont) fatigue tost spocimens. The lant coiumn

of tho tablc glves tholr rosulte for tosts of the statlic shoar
sbtrongth of singlo spot test coupons. The values compare
roasongbly with those given by E. O, Hartmenn and G. W. Sticlkley:
nomely, 220, 305, and 430 pounds por spot for the 0.025-, tho
0.032=, end the 0.040- inch shecot. (S:e roference 2.)

Static tosts on samplcs of each class of tho lan joint
gpceimons were made on a 20,CC0-pound Baldwin Southwark testing
machine, uslirg tho samc grips and loeding technique ag for the
fatiguo teste. The results of theso tects aro given in table
3. It 1e ovidont tiat tho rupture load in poun?s Dpor spas
agracs with tho vslucs glven by the Heassclacr Polytechnic
Inotituto for tosts on gingle spets. In gonoral, for tho wido
tost spocimons, tho falluro strongth 1n piunds por gpot l1s
guallor for thc 3/U-inch spot-w:=1ld spacing then for tho 13-
izch svacirng.

Meacurcments on weld sizc, shape, sprcing, and tonctre—
tion havc becen mado for scvorzl samples of both rers sad felled
spccimens and arc rocerded in dotall in a later gection of
this report. Tho goncral rosults aro thoso:

l. Thc greatost verlatisn in weld elze and gsoaclng vas
found in tho 0.037-1:ch shcot.

2. The greatest avorago pgﬁetration vas in taec 0,040-
inch choct.

Z2. Thc lergost welds relative to sh~ct thicimoss wore
in tho 0.025~i-~ch shoet.

liothods of Fatiguo Teastlng

Tho dotalls of tho methods used in rumning the fatiguo
tosts arc givon imn appo-dix II. As indicatcd thor:zin, it is
bolioved that load viluos aro set aud uaintained to about 15
pounds or to 3 vorcont of tho load, vhichover is larger.
Tostn with oluctric strain gagos comcated on covncasite -.dgos
of samoplos Indlcate that load is the samc on cpoosito odges
within limits of 4 percont or botter.

The criterion of fallure ia a decreaco in wma:imun load
of about 430 pcunds. (Rezent improvormonts in the cut—cff



mechaniam will allow thls to be reduced to & droo 1ln load of
30 pounds, if desirable, in fufure work.) For most of the
edditional data reported here, the first appearance of visible
cracics’ in the welds has been noted by & frequent visual in-
spection.

Rogults of Fatigue Tests

Tables ¥ to 9 give the results of the fatigue tests for
the two weld spnacings and the thres sheet thicknesses used
for the lap-Jjoint samples. Ir each cese where 1t was obaerved
wlth reasoncble accuracy, the number of cycles to first visible
crecking is revorted. In each cane, "failure" corresponds to’
a drop in load of about 430 pounds. XYor each svecimen, the
general type of fallure 1s recorded. Three types of faillure
occur?

1. At kigh loads, failure is by shear of the spot
welds.

2. At lower loads, a "pulling of buttons" aonears.

3. At lowest loads, failure occurs, owlng to the
propasatlon of a fatigue cracit from one weld
to another and so across the wldth of the
gheet.

Theee three types of fallure are illustrated in figures 14,
1B, 1C,. and 1D.

Figurea 2 to 7 show load-life curve’s plotted from the
date given in tableas L to 9. Each figure shows three curves
corresponding to ‘the three ratios (0.25, 0.50, and 0.75) of
minimum load to maximum load. In general, the curves have
the same shape, but 1t will be noted that, for the 0.025-inch
sheet and for the 0.032~1inch eheet with liuinch spacings, there
is moxre "scatter™ then for other ocurves.

Discuasion of Remults of Tatigﬁe Tests

Figures 8 and 9 ‘show loadrlife curves for cevoral sheet
thickqesses but, for a constant stress ratio of C.25. The
fatigue strength apparently increases with sheet thickmess.
The most noticeable feature is the "crossover® of the curves

!
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for the 0.025<inch sheet and the 0.032-inch shcet with the 13-
inch weld spacing. It 1s believed that this 1s due to a vari-
ation of weld size and penetration, thls probadbility is
discussed 1n some detail in the following section on Examina-

tion of Spot Welds.

Figure 10 shows, in another way, the effect of sheet
thickness on strength. Stronsth to faellure is plotted agalnst
sheet thickness for (1) static failure, (2) fatigue failure
for a 1life of 5,000,0CC cycles and for two different astre=zs
ratios, and (3 fatigue fallure for one streas ratlio and a
life of 50,00C cycles. That the logarithmic plot gives roughly
gtraizht lines of the same slone suggests that, arproximatcly,
thoe "perce=~t" increasc in strength with incroasing sheet thick-
nees 1g the same for fatleruo aa for etatic failure.

As will be dlscussnd lator, thore were more accldental
weld varistions in the 0.032-iach shect than in the other
two thiclmessea. Figure 10 shown that thls offoct of weld
varinbllity 1s apvarently mrre ovident in the etatic testa
and high sireas fatiguo tests than ir the low strean fatigue
tosts.

Figures 11 to 13 irdlcats the effect of range in stress.
In each fisure, tte amplitude of atress variation (i.e., ome-
half tho stress rango from minimur ioad to maximum load) is
plotted against theo mean lord for comstant 1ife. According
to J. O. Smith (reforcace 3), the alloweble altornanting stross
rarge should diminish lirer:lw with increase in mean lo=d
either for axial tension strosses or for shexr stremaes when
stress raisors {ac spot welds) are praosont. A zeneral obser—
vation from figures 11 to 13 is that tihe conatent 1life lires
are concave upward. Thie curvature makxecs it difficult to ex-
trapolate to complately roversed strcss values b extending
a straight line from tho statlic ultimate valuo on the mean
load exie through a set. of points at constant 1ife. Such
1linses, however, hove been dravm through noints at the hizhest
stress range used (corrospondirg to a stress ratlo cf 0.25).
Table 10 gives the extrapolated valuca for the 0.032-irch
sheet and ratios of those valucs to the stetic ultimate. TFor
comparlison, correspornding value.s and ratios from data taken
at the Al'unirum Resesrch Laboratorics arc given.- (Ses refer~
ence 2.) 1o groat significance attonds the comierison sinco
the teat condltions sre quite dissimilar. The Aluminum Cop—
pany data are for single spot samplee with altorrating—-curront



weldas tested on a rotating beam machine with completely reversed
atress valuos, Moreover, the extrepolatlons ueed to obtaln com-
parablo values from Battelle data are belioved to be unreliable.

Examination of 8pot Welds

Motallogrephic oxamination of sectloned spot welde indi-
cetod that the spots were, in manr cases, olliptical and there
was considorable variation in weld vonetration. Figure 14 shows
scctions along the $wo major exes in t7plcal spots made in 0.025-
and 0.032-~inch shoot.

As indicated in tho figure, it was typlical that the weld
dimenslons in the 0.032-inch sheot showod moro variation than
in the 0.02%~inch shoct. The weld dimensions in the 0.032~inch
shecet varioed ovor a range of about 10 nerccnt in penetration
and over a much wider range in width and longth. Some unwclded
spote were fourd. The gpots spacod 1% inches had, in general,
somowhat groatur weld ponetration than the onos with 3/U-inch

spacing.

Variations in weld dimenslons arc reflected in fatigue
roesults, as shown in table 11. This teble bringe out rolations
betwoen the avorago weld dimensione and the fatlguc records of
individual samples.

Tho data indicate that tho weld penetration is tho impore
tant variable at low loads where fatlgue cracks in the sghoet
provide the mechanism of fallure. At highor lo=zds whore tho
woldes fail in sheoer, tho area of the wold at the faying surface
is the doclding atrongth factor.

Firure 8 showe fatiguo curvees for the 0.032- and the 0.025-
inch shoet plottod on tho samo figure for an R value nf 0.25.
It will be notod that the curves cross at high loads. Motallog—~
raphic examination of the wolds indicates that those in the
0.025-inch sheet with li-iunch goacing are long with 1ittle ponc—
tration; while thoso in the 0.032-inch shcet were somewhat
ghorter but ponetrate doener - the net result is that, at high
fetiguo loads or under static loado, the two havo nearly the
samo strongth. (Soe table 3.)

At lower fatigue loads (longer 1ife), tho effect of the
deeper weld pometratlion in the 0.032-inch sheot becomes evident,




and the welds in the 0.032-inch shoet have a longer life than
in the 0.025—~inch shoaet.

In both tho 0.032~ and theo 0.025-inch sheet, the fatigue
cracks start at the orojoction of the internal alclad (ree fig.
15) into the weld button and proceed fanliko directly out toward
the external alclad.

Cozclusions on Lep Joint Testa

l. Threo types of failure were cvident: shoar of the
spot welds at high loads, "pulling buttons" at lower loads, and
nropagation of fatigue crac'ts botrrocn the wolds at stlll lowor
loads.

2. TYor a given shoot thicknosg, tae samples with aix
scot wolds 3/L4 inch spart had less fatigue mtrongth in pourds
per spot than had samples with four spot welds spaced 1% inches
spart. The 8ix spot samles had higher strongth in terms of
total load. .

3. For a glven weld spacing, the fatigueo atrength as
woll as the statlic tensllo strongth increasod wlth shoet
thickness. (Note ono cxcewtion for 0.025~ aad 0.032-inch
shoet with wolds spaccd 1% inches apsrt and at relatively high
loads. This 1s bolleved to be dus t> a dlfforence in weld
quality.)

4, Thore is some ovidencc that incrousing wcld sizo or
incressing wold penctretion increasos fatiguo strcangth oano-
clally at low loads where fallure 1s occasioncd by promagntion
of a fatiguo crack. A%t higher loade where failuro is by shear
through the wolds, increascd wcld penotration an.ears to hava
loes strengthoning cffect.

II. COHPRESSINH TESTS OF STIFFEFED PANELS
Haterinls and Tast Pioccs
Tho stiffoned -ancls consisied of 24S-T alclad shoots N
iachos wide spot—wolded vith two rows of spots to Curtiss-Wrient

85-112-32 hat-ghape strirsor soctlons. The stri-gor scctions
wore made from 0.032-inch elclad 4S-T for all tost wi.ces.



Four thickmessos of vanol were used: 0,025, 0,032, 0.040, and °
0.051 inch. Tablo 12 glves data on test coupons from the oartic-

. — . ular sheots used in mwaking these panels and indicatos normal ten—
gilo proportics for the material.

Two spot spacings wero testod for each panol thickress. For
ono, the moot spacing was 3/U inch oxcopt near tho ends whero tho
gpoto arc located 1/8, 5/8, and 1F inches from tho ends. TFor tho
socond typo, spot spacings wore 1% inches oxccpt again near the
endes where additlonel spots, spacod as described above, wcre in-
sorted. Teblo 13 summarizcs the welding conditions revorted by
tho Roassslaer Polytochnic Instituto for these comopresslon test

samplos.

Fizuro 16 illustratce the stringor section used. According
to date furrished by Curtise—Wright, the controidsl axis of this
soction 1as 0,705 inch from th» bottom of the hat, the momernt of
inortia ~rourd the centroidal axis 1s 0.0301 1lrch, and thec area
of tho soction is N.162 inch. The commleted panel sections were
all apvrorimntoly 15.88 inches lorg efter squrrirg the ends.
Figure 17 1llustrates the complete tost spcciren.

Stntic Tcata on Stiffencd Pancle
Table 14 cumnarizes the results of etatic compressisn teats
on the various tyvcs of penels. In tablo 1lU, the aroa A is tho
total aroa of stiffoncr plus panel; vhile tho aroa A' is +tho oroa

of the stliffener plus an offective aren for the vwanel. Tis eof=
fectlve arca was commuted by using en off-ctive width of penecl

from the formala
W= 3.4 Bz,
wherc
47 total effoctive width
t peanel thickness, inches
¥  modulus for 24S-T alclad (10 X 10° 1b/sq in.)
and

f, crippling stress for stiffencr alone (35,000- 1b/eq in.)

c
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Figures 1€ and 19 show the stross-deflection dlagrems for the
varlous typees of panel and the stiffenor soction. In thesc figuros,
tho arca used in each cese for computing the etroessos was tho totel
aroa A of stiffcner plus perel and not tho offeoctive ares A'. Tho
data in tablo 14 and figuros 16 and 17 indicate that, as far as
static strength is concornod, a bettcr strength—woight ratio is
gcecur~d through the use of thinnor panels. This has becn pointed
out previously. (Sce roference Y.)

Scvcral attempts wore mado to get o dofinlto picture of tho
buckling pattorn #nd to catimate tho nuisbor of bueclklling wavea in
cach typo of stiffen~d panol used. Thore was cvidonce that (1)
et high loads noar statlc falluro, a difforcent pattern occurrcd
than at the lower loads coumon ln fatigwe, and this was more
evidont for the larger wold spacing; (2) the pettorn wes affectod
in eizo (i.0., the muwrber of buckling wavos) by vancl thicknoss
but not by spot smecing. Tho dlstances betwocn surressive high
spote (2long a linc *arough the ceater of tho pancl and dirocted
lengthwise of the shoet) averaged 4.0, 3.5, 4.5, and 5.5 inches
for samolcs with enol thiclmossecs of 0.025, 0.032, 0.04C, end
0.051 inch, rcssoctivoly. The difficulty in a more accurate
cvaluation of the pattern vms partly that tho saiwpl:s woro so
ghort that tho influonco of cnd corditions (which varicd somo-
what) obscured deteils.of the patteorn.

Methods of Making Fatiguo Tests

A doscription of the te~tins mnchines and of tho tecariquecs
employed 1ls given in appondix II. The pracislon cf loeding wes
about 15 pounds. The criterion of failure was the bresking of
any ono wold to such en extent that tho pancl was then cormloetaly
free from its stringor. This was usually sufficient tc couso
a drop in load of U430 wounds or mere.

Rcaults of Fatiguo Tests

Tho frtigue deta on the stiff:c-ncd pancls losdeé in com—
presslon are summarized in tables 15 to 18. Those ¢ate arc
plottrd es load=life curves in figuros 2C and 21.

Figure 22 shcws the statlic strongth to feilure, the fatiguo
strength at 1,000,000 c-cles, tho fatiguo strongth ot 50,000
cyclos, and tho ctetlc buckling strength »nlottod aerinst ansl
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thickness. In this figure, the otrossos aré computed by using

thoe total arce A of stiffener plus panel; tho fatigue strossos are
. tho maximum streesseas at a ratio of minimum to maximum stross of
0.25. ©Note that, as previcusly montionod, tho static.values
indicato a better streongth-weight ratio for thinner panels. Tho
fatigue curves drawn for a life of 1,000,000 cyclos aro ooncavo
upwerd and show, likc the buckling curve, incroasod strength for
thickor panols. The fatigue curves drawn for & life of 50,000
cyclos suggost increased strength with increasing penel thicle-
noss only up to a thlclmoss of 0.032 inch. As the strees approachos
the crlppling stress, the strongth-~thickness relation approaches
that for stetic falluro. It is quite possiblo that a different
buckling pattern apneoars at high loads.

Exanination of Spot Wolds on Stiffonod Panols

Spot wolds in the compreseion samploa wore similar in dimon-
slon within reasonable limite. Howevor, vech wold waa from 10 to
25 porcont longer along the axis parallel to the long dimonsion
or holght of the spocimen than normal to this direetion. Macro-
graphs of tho untested wolds are shown in figure 23. As shown
in figure 24, wold variations are greater in tho thinner gago
matorial.

Fallure takes place in themo welds in thrce types of crack-
ing pattorna, two of which are illustratod in figuros 25 end 26,
The othor typo failure tekes vlace at the moat highly strossed
point which occurs as a rupture along the faying surface of tho
weld, presumably in tonsion.

Next to this break, a orack pattorn is formod which soems
influenced by both bending and fatigue. This appoars at the
intornal alclad protrusion into tho wold, follows the sholl of
the weld for a way, and then turns dircetly outward to the ox-
ternal alclad. This sort of crack genorally propagates itsolf
in the thimmer of tho two sheots (figs. 27-a end 25).

Farthest away from the total bdrecks is tho third type of
fellure. This 1s 1llustreted in figure 26. Hore a crack avpears,
traveling into the center of the weld. The location of this
crack s betwoen the equiaxed and dendritlc zones in the thicker
sheet near the geometrical center of tho joint.

In thinnor gages, fatigue cracks, similar to those found
in tenslle samplos, were observod in the compression spocimens.
(Seo fig. 28.)
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. Sectionling normal and parallel to the direction of avpli-
cation of stress ghowed no fundamontal differencos in the pho~
nomene observed. Sometimes cracks appeared ln one dirocction and
gsometimes in the other. Differences hers could not be investi-
gated fully because of the imposslbllity of sectioning the same
spot two ways. .

Figure 29 shows the formatlion of fatigue cracks at tho
alclad protrusion of a wold which was quito a distance from the
zonoe of complete failure. Thils wold is cracking along the
brittle ocutectic line ‘at the perimetor of the spot weld.

Concluslions from Tests on Stiffencd Penels

1. BSeveral creck pattorns were found in wolds of failed
speclmens. The vnarlotion scems to depond upon the position of
the weold exemined wlth reference to the locetion of fallure.
Exnminotion of tho welds suggests that both tension and shear
strossos wero presont in theo wolds.

2. Tho static crivoling stress values decroease with in-
creasing nenol thickmess and are lower for 13-inck: wold spocing
than for 3/h-inch gspacing. The stress at which buckling bogins,
however, increases panol thickmess.

3. 4s if influenced largely by tho buckling strossos, the
fatigue stress corresponding to a 1life of 1,000,000 cycles in-
crocsos with incroasing panel thickness. For fatiguo failuro
at a 1ife of 50,000 cvcles, the dependence on thiclkneoss sccms
to be between that for longer life and that for stetic failuro.

III. TZSTS OW TENSION SAMPLES WITH UNSTIESSED ATTACHMENTS
Materials, Test Piecos, a2nd Static Tests

Unetresged attachment-type tension fatigue test szmples
were made from 24S-T aleclad in throo thicknesscs: 0.025, 0.032,
and 0,040 inch. Teble 19 gives data on tost coupons from the
perticular shoets used in meking theac test piloccs and indicates
the normal properties of the shcet.

Tho samples originally conslsted of pieces 17 inches long
by 5 inches wido, each haviang a l-inch atrip of the samo thicknoss
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sheet® fastoned by & single row of spot welds across a conter
line in a direction perpondicular to the axis of loading. Two
spot-weld svaclngs, 3/1l- inch and 1% inches, wore usod for each
thickness. Since early tests indicated that. the. unstrossod at-
tachmont did not wealken the sheet so much as did the holes
drilled in either end for festening in the grips, the centor
section had to be reduced. XFiguro 30 shows the final form of
test plece adopted. Noto that tho reduction in section doleted
two of the original spot welds, so that four wolds wero loft for
the 3/4-inch spacing, and 2 welds for the l-inch gpacing.

The spot~welding conditions end tests on single spot samples
mande at the Rensselaer Polytechnic Institute are given in table 2.

Static tension tests woro made on a 20,000-cocund Baldwin.
Southwerk tosting machine. The speod of testing was 0.0l inch
per mimte within tho range of the recorder and 0.06 i-ch per
minute (beyond yield point) to failure. Stress-strain curves
wore taken for each type of sample but show no offect of the
attachment ploce oxcept for tho low yield stross. Tsble 20
shows the resulis of these static tests. In cach came, static
fallure was by a break ncross the line of weolds.

Fatiguo Tests on Samples with Unstrossed Attachments

The fetigue tests were run, using tho same tecinique rs
for the lap Joint samples. There wrs no question as to a crito-
rion of fallure sinco, in virtually ovory cese, fallure wes a
complete broak ané the loerd drovped to zero, so that the auto-~
matic cut—~off stoppod mechine rnd counter.

Early runs wore mado on samples with a li-inch-radius fillet.
Since sevorel failuros occurrod in the fillot or so noar it as to
be influonced by 1tas stress concontretlon, the rrdius wes in-
creasod to 3 inches, which ls nearly as largo eas 1s reasonablo
for the size of the originsl strip and for tho sizo end neodod
for the grips uscd.

*By an orror, somc of the 0.025-in. samples had strivs of 0.032-
in. sheet attached. Such samples erc notod in the tebles of
results. Thero is no ovidence that this affectod the fatigue
rosults.
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Tables 21, 22, and 23 give the resulis of the fatigue testa
vhich were all run at a ratio of minimum stress to maximum stress
of 0.25. Figures 31 and 32 show the lecd-life curvos plotted
from thoso data. In these flgures, it will bo noted that, at
high loads glving lifetimes less than 100,000 cycles, the samples
broke along or noar to the lino of welds. At lowor loads and
longor lifetimos, the samplos usually failed 1n the fillet roglon.
Appoarently, for low loaeds, tho stress concontration duo to the
wolds was loss than that caused by the fillet. It ghould bo
noted that, as indicrtoed 1n the following scction, some of tho
" samples failing in tho fillet rogion has incipient fabigue crecks
along the wolds.

Yigure 33 comparcs tho strength-thickness rolations for (1)
static failure, (2) fatigue failure at 10,000 cycles (failuros
through the spot wolds), and (3) fatigue falluro at 300,000 cyclos
(failure ia tho fillot roglon). Little influonco of weld spacing
is apparent excopt that, for fellures at 10,000 cyclos, the samples
with four wolds %3/H—in. specing) soom stronger than those with
two wolds (13-in. specing).

Motallographic Examin-~tion of Spct Welds
in Unstressed Attnchments

Tho varietion of penetration snd slze of svot welds in the
unstressod attochmonts is shown in figure 34. The welde in this
group heve tho semo dimensions ns the othors lnvestlgatcd for the
tension ond comprossion samples.

Fatigue cracks are started in tho unastrossod attachments at
the eame place as in all tho othor types of samoles (i.o., tho
protrusion of the alcled into tho wold). Instead of procecdirg
through the dendritic rogion, however, as in the lav—jointod
samplos, the cracks follow the porimeter of tho spot weld (sco
figs. 34a cnd 35) or, if the alelad protrusion is cxccssive (seo
fig. 34b), oven bend back into this zone.

Fntigue miclel appear in the unstrossod attachmeonts, oven
in tho scmples in which feilurc occurrod outside of the wclds.
In figure 3%6n, tho formetion of a small crack is shown in &
semple which falled outside tho wold zone. Follure took nlaco
in the etressed shcet rather than in the unstressed attachments.
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Conclusions

. l. In static and In high stress fatigue tests, fallure
alweys occurs along the line of welds In prefereance to fallure
in thoe 3~inch .rcdius flllet jolining the ends of the test plecea
with the center test section. This indicates that, under these
loading condit-ons, the stress concentration produced by the
spotes 1s higher than that produced by the fillet.

2. In low stress (lonz life) frtirue tests, fallure nlways
occurs in the flllet in preferonce to the line of spot welds.
This indicetes th~t, urder low londs, the stress concentration
imposed by the fillot is highor than that nroduced by the welds.

3. 1In view of the results above, it nppears that spot
welds in ac?b sheets do not serlously weaken the material on
which thay are formed, so far rs fatigue strength ie concerred.

IV. CORRELATIO: OF FATIGUE PROFERTIES WITH UBTALLURGICAL

STRUCTURE A.ID GEOMETRY OF SPOT WELDS

On the three types of snmples investignted, lap joints,
stiffened panels, ond unntressnd ailtnchments, 1t was observod
thet the fatlgue cracls pronagnted themselves through different
structural rcglons in tho spot weld under the various stressing
condltiona nresent in ench itypoe of specimen.

The inception of fatigue feilure occurs ir most coses a
the projection of the internal clclad into the weld slug. A
rucleus forma here. This protrusion is o mechonieel notch
surrounded by a material of low strength (285 cladding - tonsilo
strenzth 13,000 1b/sq in.). Furthormore, the notch effect nay
be intensifled by vwipirg, by oxide accwmlation, or by forcing
tho sheots aport by blown metal ("epitting"). As all taese
effocts cen, and mostly do, occur at the alclad protruslon, in-
ception of fallure 1s usually locnted at thils polnt.

Factors opoosing faillure ot tho elclad junction in the
weld are sovere scretches on tho alcled outslde of theo weld,
but in a highly strossed region, coupled with tight bonding of
the cladding on the faying surfacos just ocutealde of the wold in
the corone. region (mechanically bondod ring eround wold slug).
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To secure a bond sufficlently tight to prevont rupturing in
fatigue, the pressure which must bo used 1s usually ocnough to
indent severely the outside surface of the spot. Thils will cause
falluro in a line from the notch caused by the electrode indenta-
tion to a scratch in the alcled in the plane of the weld lnterface.
This type of frilure is rare with modeorn welding opractice, as
sovere indentation is avolded.

The fatiguo cranc!z, onco started, may oropagate in a nurber
of dircctions, devonding on the naturo and the extent of tho
stressos applicd. Crackirg can, therefore, tale ploce in the
equlaxed-grained conter area, the esurrounding dendritic reglonm,
or the heat~tronted arca around tho once-moiteon weld slug.

Under heavy shcar fotigue loads, failure takes nleco within
the equinxed~greined centor aroce aloag the intorface of the weld,
but, for lighter locds, tho crack travels normel %o thls direction
through the dendritic rogion to tho outer alclnd. Thero is some
evidence (sec lap joint tecsts) that A grentcr amount of dendritic
structure, ns found In soot welds with much poenetration, improvos
fatigue rcsistance. The deadritic rogion, contalning the most
ductile metal in the slug, ls spparontly moro resist~nt to crack
propegation than the surrounding wrought dural structuro.

Undor tonaion fatiguo, =8 observed in the unstrcssecd ot-—
tachments, the cracks follow the cdge of the wold until the dia-
tonce betweon the outor surfaco and the crack is very short and
the creck brocks through. The rogion at the shell of tho weld
is quito brittle as incipient nelting of the mnterial next to
tho wold pool, solid solution meclting along grcoin bounderios,
and intrusion of & ccppor-rich ocutectic from the weld pcol hes
tnkon plece in thle erea.

Spot welds in 245~T alclad are not vorr strong in tonsion,
as the ratio of static tonsion to sherr 1s only 0.29. (Seo
roferonce 5.) This ratio, which is given as a moasure of duc-
t1lity in spot welds, 1s low for 245-T alclnd beoccuse of tho
brittle zone surrounding theo wold, which has nlso boen shown
subject to crack propegation in tontion fatigue. (Sec urstressed
attcchuent soction.)

In goneral, it can be ssld thnt welds with ti:e grentost
nonctrrtions, amourt of d.ndritiec structure, and dlametor pos-
gible, will prove strongest under dynemic lordirg. It hns boen
found thaft statlc shear strength increases with lncrersed
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diameter but docroasos with incroased penetration. (See ref-
eronco 4,)

. _ _ o 13000 dismetor ?
. Sheat strongth = 2 5.68 g
ponotretion

The penetration effect, however, seems more lmportant
in fatigue than 1t is for etatlc shear strongth, as greator
ponetretion appears to lengthen spot-weld 1life under dynamic
load.'lng. '

Battolle Momorial Institute,
Columbus, Ohio, March 1, 1943,

APPENDIX I

TESTS OF ALCLAD 24S-T SHERT
SUBMITTED BY BATTELLE MEMORIAL INSTITUII
(NACA SPOT-VELD FATIGUR INVESTIGATIN)
By 0. R. Bucklos

Introduction

As vart of the spot~weld fatlgue lnvestigation for the
Netional Advisory Committee for Aoronsutics, tho Battelle Memo-
rial Ingtitute le dotormining the fatigue strength of some spot-
welded structural specimens of alclad 24S-T shoet. In accordance
with an agreement by tho Aluminum Oompany of America to nssist
in the material control teste of the items used in the prevara-
tion of fatigue specimeons tested recently, Dr. H. W. Rusassll
submltted teat couvons from the sheet usod.

*This appendix is a report preprred by the Aluminum Company of
America on the properties of thc sheet material used in the
investigation.
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The obJect of these tests was to determine the temsile and
compressive properties of the alclad 24S-T sheot used in the
preparction of somo spot-welded structurel specimens tested
in fatigue at the Battelle Memorial Institute.

Meterial

' The materisl subaiitted consisted of duplicete teat cougons
1 inch by 8 inches in size cut longitudinally from each of K5
pleces of shect, as follovs:

Sheet

Identificotion symbol thiclmess
(in.)
37€545-12-A to —C 0.040
-11-A t0 =R 032
~7-A to =0 .025
& ~10-A to ~E .025

Proceduro

Tonalle test spocimens were machired from one of asach pair
of the test coupons submltted and were tosted, using the 1000-
and 2000-pound renges of an Amsler 20,000-pound crpecity univer-
sol testing mechine (type 10 SZBDA). In each of the five groups,
o toensile stress-straln tost was mnde on at leost ono specimen,
using the Huggonberger tensometers with a 0.5-inch gege length.
The ylcld stremgths of the romairing tensile spocimens wore )
deturmined, using o Tomplin autogrophic extensometer. (See
rcforonco 6.) In all tests, tho ylold strangth wns detsrminod
at 0.2 rorcont offset.
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A compressive etress—atrain tost was medo on one speclmen
from each of the five groups, using the test couoon correspond-
ing to the one on which a tensile stress—siraln tost had been
madeo. FKach compressive. test was nerdo in the Montgomery-Templin
slnglo-thicknesa fixture for testing sheet. (Seo roference 7.)
Tho tests wore me~de, using the 5000~-pound range of a 50,000~

ound capacity Southwark-Tate-Fmery universal testing machine
fsor. no. 50~TE-162), and strains were measurod with Huggon-
berger tensometors (2000X) with 0.5~inch gage lemgth. The yiold
strongth wes determinod at 0.2 percent offset.

Discussion

Tha results of the individual tenslle and corpressive
tests cre found in tables, flgures, and data. Stress—strain
curvos in tension and cozaprossion for ono semple from each of
tho five groups of sheot ~nro shown 1n figures 1 to 3. The
tensllo nnd compressive streoss—strain curves for correspondlng
suples woro groupcd togother to show dlrect cormvarisons, ~nd
oach figure contning the curves for one thickness of shoot.

Tho rosults of tho tonsile tests are summarized in table
I. This tablc showe the nmaximum, ovorage, end minimum valuos
obtainod for onch of the five groups testod ~nd also tho nurmbor
of tosts 1n ocach group. All tho matorial was found to neet
the roquiremonts of Foderal Specification No. QQ-A-362 as for
eg tonsllo provorties aro concorncd. In feoet, all the tensile
stronzths and yleld strongths excocdod the publishod typlcel
values for Alcoa alclad 24S-T ghcot, snd tho avernge valuos for
oach group wore at loast oqunl to the published ical volues
for Alcoa alclad 245-AT dhoot. (See roforence 8.) The olonga~
tlons gonorally were ogual to the published typical veluc for
Alcoe slclad 24S-T ghoot and considerably abova the typical
veluos for Alcoa elclad 24S-RT shoot.

Tho rosults of tho temnsile and the compressivo stross-strain
tests aro summarizod in tablo II. As shown in this teble, tho
ratlo of the comprossive ylold strength to the tensileo yield
strongth of the samplos teosted ranged from a maximum of 0.89 to
e ninimm of 0,82, tho average bdeing 0.85. Thls averesgo value
1s about 4 percent highor than tho value of 0.82 published in
ANC-5., (Bcoe reforemce 9.)
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Concluslons

. From tho tests whlch have beon mede on longitudinal
gpecimons from tho sampleos of alclad 2US-T shoet submittod
by the Battelle Momorlal Instituto, the followlng conclusions
goon warrantod:

1. 'Tho tonsile strengths rnd the yiold etrongths of
oach sample excoedod the typical veluos for Alcoa alclad 24S-T
phoct. Tho olongations woro about equal to the typical valuos.

2. Tho differcnces in tho toneile provnortics of oach
Lroup of samples tosted werc diffcroncos which normally would
bo expoctod among sovoral lots of alclad 2US-T shcet.

3. The avorago ratlo of commressive yicld strength to
toneilo yleld strongth w-s nporoximntely 0.85.

Decembor 24, 19he,




TABLE 1

EESULTS OF TENSILE TESTS OF ALCLAD 248-T SHERT

FOR BATTELLE MEMORIAL INSTITUTE

(P- T« Ho. 110942-B)

Nominal Number Tensile Yield S8trength Elongation
Specimens Thicime ss, of Strength, (orfset=0.2%), in 2 in.,
Marked ine Tosts psl psl per cent
376646-12-W 0.040 3 Maximum 68 900 53 900 17.0
Average 67 830 62 670 16.8
Minimum 67 000 61 300 16.6
376645-11-K 0.032 18 Max imum 68 400 61 900 20.0
Average 67 170 60 750 18.4
Minimum 65 600 49 700 16.0
376646-8-W 0.032 14 Maximm 68 500 51 800 20.5
Average 66 640 60 080 18.9
Minimum 64 500 47 400 16.0
376646-T-N 0.025 16 Maximum 68 200 66 100 19.0
Average 67 550 52 810 17.6
Minimum 66 900 49 000 16.0
376645-10-N 0.026 6 Maximum 67 400 53 100 18.0
Average 66 840 61 620 17.6
Minimum 66 300 50 000 17.0

W indicates specimens out with-grain.

VIOVN

e



TABIE I

RESULTS OF TENSIIE AND COMPRESSIVE STRESS-STRAIN TESTS
OF ALCLAD 245-T SHEET FOR BATTELLE MEMORIAL INSTITUTE

(P. T. No. 110942-E)

2c

Tensile Compressive Ratio
Specimens Nominal Tensile Yield Stremgth Elongation Yield Strength
Marked Thickness, | Strength, (Offset=0.2%), in 2 in., (Offset=0.2%), cysg;
in. psi psi per cent psi
376646~12-K-B 0.040 67 000 52 600 17.0 44 900 0.86
376645-11-W-B 0.032 66 900 b1 500 16.0 42 000 0.82
376645-8-W=A 0.032 66 800 47 900 19.0 42 600 0.89
376645~7-W-B 0.026 68 000 64 200 16.5 46 700 0.84
376645-10-W-A 0.026 66 300 61 400 17.6 44 000 0.86
Average 0.854

VOVN
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ALUMINUM COMPANY OF AMERICA
Aluminum Research Laboratories

New Kensington, Pa.

Physical Test No. - 110942-E Alloy & Temper- Alclad 245-T Form- Sheet
Chemical Test No. - Nominal Sjze- .040 in.

Order No. - Prob. 129 (J.0,9-6682-A) Actual Size - As noted

Received from- Battelle Memorial Institute Date 11-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation
Marked Inches Lb. PSI (Offset=0.2%) in 2 in.
Lb. PSI In. A

376645~ «0385x,502 1330 68800 9%0 51300 0.34¢ | 17.0

12-W-A (.0193)
.0392x.502 1320 67000 -—— 52500 0.34 | 17.0

B (.0197)
.0407x, 502 1380 67600 1100 53800 0.33 | 16.5

c (.0204)

Average 67830 52570 16.8
Specimens cut with grain. Jested by C.K.W.-C.R.B. Date 11-24-42
Ref: Memorandum by G.W.S.,

November 7, 1942 Checked by J.B. Date 12-19-42
Approved by R.L.Templin Date 12-28-42
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Physical Test No.- 110942-E

New Kensington, Pa.

Alloy & Temper-Alclad 248-T Form~Sheet

ALUMINUM COMPANY OF AMERICA

Aluminum Research Laboratories

NACA

Chemical Test No.- Nominal Size .032 in.
Order No.~ Prob.129(J.0., 9-6682-A) Actual Size As noted.
Received from~ Battelle Memorial Inatitute Date 11=-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength | Elongation
Marked Inches Lb. SI. (orr.et-o.g‘ in 2 in.
1b. . | in. | %
376646~ .0303x.502
11-W=-A (.0152) 1020 67100 755 49700 0.40 20,0
.0313x.602
B (.0157) 1050 66900 ——— 51500 0.32 16.0
.0309x.502
c (.0165) 1080 68400 8056 51900 | 0.34 17.0
»0312x503
D (.0157) 1060 67500 800 61000 0.37 18.5
.0313x.5602
] (.0157) 1080 67500 780 49700 | 0.38 18.0
.0305x.602
F (.01568) 1040 68000 770 50300 0,38 19.0
«0307x.503
(¢) .(.0154) 10456 67900 785 51000 0.38 18,0
.0314x,.503
H | (.0168) 1065 66800 786 49700 | 0.38 | 19.0
«0305x, 503
I (.0153) 1005 656700 765 50000 0.34 17.0
.0310x.503
J (.0146) 1060 67300 800 51300 0.40 20.0
.0306x.503
K (.0154) 1045 87500 795 51600 | 0.36 | 18.0
«0306x.503
L (.0153) 1030 67300 770 50300 0.36 18.0
.0315x.503
. | (.0158) 1055 66800 795 50300 0.38 19.0
.0511x.503
N. (.0156) 1045 67000 795 51000 0.38 19,0
.0304x503
0 (.0153) 1030 67300 775 60700 0.36 18.0
.0308x.503
P (.0155) 1045 67400 805 51900 0.36 18.0
.0309x. 603
Q (.0155) 1035 66800 795 51300 0.38 19.0
.0326x.603
R (.0164) 1075 65500 825 50300 0.36 18.0
Ave e 67170 50780 18.4
pecimens cut w grain. Tested by C.,K.W.~C.R.B. Date 11-24-42
Checked by J.8. Date 12-10-42

gzroved bz R. L. 'remglin




—

NACA 25
ALUMINUM COMPANY OF AMERICA

Aluminum Research lLaboratories

.=~ - - -

New Kensington, Pa.

Physioal Test No. 110%42-B Alloy & Temper- Alolad 24S8-T Form-8heet
Chemical Test No. Nominal 8igze ~ .0352 in.
Order No. Prob.129(J.0.9-6682-A) Actual Size As noted
Received from Battelle Memorial Instltute Date 11-9-42

Tension Test Data

Specimen Dimensions Tenslle Strength Yield 8Strength | Elongatlion
Marked Inches Lb. PSI. (offset=0.2%) in 2 in.
1b. P8I, 1n.
37664L .0314x, 503
8-W-A (.0168) 1040 85800 -— 47900 0.38 | 19.0%
+0311x. 503
B (.01568) 1035 86300 800 61300 0.38 |19.0
.0522x,503
c (.o162) 1066 85700 800 49400 0.36 | 18.0Q
.0328x.603
D (.0166) 1106 67000 866 61800 0.38 |19.0
.080Yx. 503
B {.0166) 1000 84500 735 47400 0.41 | 20.5
.031x.504
F {.0158) 1060 6650C 800 50600 0.36 | 18.0
.0306x.504
G (.0154) 1030 66900 790 51300 C.38 ]19.0
.0301x.504
H (.01562) 1010 86400 730 48000 0.38 | 19.0
.0312x504
I (.0167) 1060 67500 776 495400 0.37 | 18.5
.0305x.604
J (.0164) 1026 66600 790 51300 0.32 | 16.0
.0312x.604
K (.0167) 1060 87600 BO6 61300 0.40 | 20.0
.0301x.504
L (.0162) 1010 66400 760 49300 0.38 |18.0
.0398x. 504
M (.0160) 1010 67300 765 61000 0.38 | 18.0
.0306x, 504
N (.0154) 1065 68600 790 51300 0.40 | 20.0
Average 66640 50090 18.9
Specimens cut with grain. Tested by C.K.W.~C.R.B. Date 11-24-42
sBroke through Huggenberger
tenscmeter marks. Checked by J.B. Date 12-~19-42

Approved by R.L.Templin Date Dee.28'42
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Aluminum Research Laboratories
New Kensington, Pa.

Physioal Test No.- 110942-E Alloy & Temper-Alolad 248-T Form- Sheet

Chemiocal lest No.- Nominal Size- .026 in.

Order No.- Prob. 129 (J.0. 9-6682-A) Actual Size- As noted

Received from Battelle Memorial Institute Date~ 1ll-9-42

Tensile Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation
Marked ~ Inches Lb. PsI. (offset=0.2%) in 2 in.
Ib. \J L]

376645~ .0266x,604

7-W-A | (.0134) 883 658000 667 49000 0.54 | 17.0
.0253x.606

B! (.0128) 871 68000 -—— 54200 0.3% | 16.5
+0252x.504

c| (.or27) 856 67300 6563 51400 0.36 | 18.0
.0265x.504

D| (.0128) 850 66400 698 54600 0.32 |16.0
.0245x.5604

E| (.0123) 833 67700 €46 52400 0.36 |17.5
" | .0256x.504

F| (.0129) 872 67600 670 51900 0.3%6 1 18.0
.0263x.504

¢| (.0128) 873 68200 706 55100 0.36 | 18.0
.0262x.504

H| (.0132) 886 67100 700 53000 0.32 | 16.0
.0252x.506

I| (.0127) 864 68000 656 51600 0.36 | 18,0
.025638x.506

J| (.0128) 866 67700 663 51800 0.38 118.0
.0251x.606

E| (.0127) 861 67800 660 52000 0.36 | 18.0
.0261x.506

L| (.0127) 864 €8000 699 54300 0.33 |16.5
.0248x.6506

M| (.0125) 849 67900 668 52600 0.38 |18.0
.0247x.506

N| (.0125) 847 67800 676 54000 0.36 |18.0
.0256x.606

o| (.o129) 876 €7800 700 54300 0.36 |17.5

Average 67550 52810 17.5

Spesoimens cut with grain. Tested by C.K.W.-C.R.B. Date 11-24-42
Checked by J.B. Date 12-19-42

Approved by R.L. Templin Date 12-28-42
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ALUNINUM COMPANY OF AMERICA
Aluninum Research Laboratories

" New Kensington, Fa.

FPhysical Test No.- 110942-E

27

Alloy & Temper- Alclad 248~T FPorm- Sheet

Chemical Test No. Nominsl Size .025 in.

Order No. Prob. 129 (J.0, 9-6682-A) Aotual Size As noted

Received from Battelle Memorial Institute Date 1ll-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation

Marked Inches Lb. PSI1. (0ffset=0.28) in 2 in.

Lb.  FSI. In. | %
376645~ »0256x.503

10-W-A | (.0129) 843 66300 - 51400 0.356 | 17.5
«0246x,503

B| (.0124) 830 66800 648 52300 0.36 | 17.5
«0256x.502

c| (.0128) 8e2 67300 640 50000 0.36 |18.0
»0234x,503

D| (.0118) 794 67300 605 51300 0.36 [18.0
.0266x.508

Bl (.0129) 869 67400 685 53100 0.34 | 17.0

Average 66840 51620 17.6

speoimn' c\l‘b “.lth 5rl.i.n. Tegted by C.K."--C-R.B-

E———

Date 11-24-42

Checked by J. B.

Date 12-19-42

Approved R.L. Templin

Date 12-28-42
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NACA

ALUMINUM COMPANY OF AMERICA

Aluninum Ressarch Laboratories
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Physical Test No.- 110942-B
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Nominal Size- ,040 in, .032 in, & .025 in,

Order No.- Prob. 129 (J.0. 9~6682-A) Actual Size-

As noted

Received from- Battelle Memorial Ipstitute

Date 11-9-42

Kind of datas COmgression Test.

Specimen Nominal Dimensions Length No. of Yield Strength
Marked Thickness of Spsc. of Spec. | Pleces (Set=0.2%)
in. in. in. in Spec, psi
376646~ .0390x. 626
12-w-B .040 (.0244) 2.830 1 44900
376645~ .0312x.626
11-%¥-B .032 (.0195) 2.630 1 42000
376646~ .0316x, 625
8-N-A | .032 (.0198) - | 2.630 1 42600
376645~ .0263x.626
7-W-B .025 (.0158) 2,630 1 45700
376645- .0251x, 625
10-W-A .025 (.0157) 2.630 1 44000
Specimens ocut with grain. Tested by C.K.We=C.R.Bs Date 12-3-42

Checked by

J.Bu D‘te 12-19-42

Approved by

. L.Templin Date 12-28-42
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APPENDIX II

'.Ai’P.A.BATUS. CALIBRATION, ANMD TEST METHODS

Doseription of tho Fatigue Testing Machine

The tests reported hero have boen run on a Krouse fatiguo
testing machine of 10,000 pounds maximum load capaclity. The
mechine ¢an sccommodate indopendently two specimons at one time.
A photograph of the machino (fig. 37) shows ono sample loadod
in tenslon and irdicatos clearly the main foaturee of loading.

Tho varisble loed is applied dy the loeding levor A actu~
atod by the can C the eccentricity of which on the driving
pulloy B can be adjusted to any desired value. The member
trensmittirg tho force to the specimen is gulded by & pArcllel-
ogram system of four stogel plate fulcrums D which produce
straizht~line notion ~nd direct losding of the sample. Tho
machine is of the constant deflection type. The avorage veluo
of the lond cen be adjusted by tho loading screw E.

The stntic load vrlueo 1is cbtained by meesuring the bending
of a fixod lenzth of the londing lover A by means of tho dial
%age on the "gogo bar® F. The rolation between dial rezdings

relative to a roading with zero lond) snd lond values is given
by a celibration curvo. Thie calibrotion was obtained (et the
factory) by doad weights appliod to the lower epocimon holder
for low loads Aand by a proving ring in vnlaco of the specimen
for high loads. In practico, dial deflections aro rccordod for
naximin erd minirmum loads as tho cam B 1s rotated slowly by
hand and the correspording load velues will bo termed horein-
aftor the "static load valucs."

Thoe machine 1s oquippod with two mochanlcel countors @& so
goared to tho driving shaft es to record one count for each
hundrod cycles of epplied stress. The counters heve a common
drive, but ench may bo rogot to zero to correspond to the start
of a run upon its particular sample. A cut—off H 1s dosignod
to stop the motor ard, honco, also the counters, when the load
drops eithor by ylelding or failure of the sample.

Irportant considorations in running any sample includo
(1) clemping tho smmple so as to insuro aximl loading, (2)
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usting and detormining the valucs of tho losds eppliod, and
(3) dotormining the number of cycles to failure. The procau-
tions that have been taken 1n each of these throe respocts will
now bo discuseed in some detall.

Clamping the BSamplo
a) Tonslon srmplog. = Samples testod in tension were hold

in grips s shown in figure 37. In preparation, the sampleo wes
merizod for the centors of tho throe Dolt holos ir cach ond by a
stoel template. The holes were ticn drilled 47/6L inch and the
contor hole at ench end ronmod to finnl eize (3/4 in.). The
sexplo was then mountod ir the grips, uelng only a conter bolt
ot ench ord. With o modorate applied load (rbout 100 1b) on
the saxmplo, the romaining holes wore rcrmed to sizo through the
herdonod sleoves in tho grip bolt holes. vor theso holes
were clenned out, tho ramrining bolts were insertod. This pro-
coduro wns dosigned to attain exinl losding.

b) Corprossion semples. — Figure 38 shows tho compressior
grivs used for tho samplos doscribod leter ir this report. A
is & vlaten to which woas clarped the 5 by 5-inch surfaco ground
stocl plnto B. Tho small plates, C and D, werc used to provont
olippirg of tho ond of the sanmple. In prectico, plato C was
opt fixed so that, when tho pnnel of the compression sample
wos ageinst G, the contor of mnes of tho samplo wes on the axis
of loading. Plate D wes tightered ngrinst the hat-shape stiff-
onor of orch smiple. .

Shims (visible =t B in fig. 38) werc plecod botwoen 4 ~nd
B so that tho frce of B for the bottom comprossion plete wes
porgendicaler to the loading axis. With a somple standing on
the botton mnleto, shims weroe ndjusted for the upper grip so
i1ts surfrco B restod ovenly upor the top of tho sample.

To avoid twisting tho sample while cdjusting tho load,
~ rod wes inserted in tho disk A and held menually during the
ndjustnent. Leter, a clomp, dosigned to be fastoned on the
supporting columns, wns constructod. This clamp mey be seen
ebove the upper compression grip ir the photogreph of figure

31.
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Meaguring the Load

A method for messurement of loads while the machine 1s
running, uslng electrical resistenco-~type straln grnges, was
deveolopod.

The principle of the mecsuring mothod is to apply an
eudlo frequency current to a Whoatstone type dridge one arn
of which is an SB-4 type A-1 gnge mounted either on the test
specimon in whlch 1t i1s desired to moasure strains or on a
UYweigh~bar® in serles with the specimen. The periodic strain
in the test plece or "welgh-bar" varies the resistance of the
gage. This vorlation in resimtanco modnlates the audio fro-
quency signal being appliod to the bridgo. Tho bridge is
baleancod by means of a elide wire. A cathode r~y oscillo-
scope 1s used e£8 & mull-point indiecetor.

Figure 39 is a wiring diagram of the equipuent and
figuro 4O is ~ photngrrph of tho assembly showing thc v~rious
parts in nlace. In figure 39, the parts 1llustratod are as
follows?

The signnl sourco. — "TA" is a Hovlett Packnrd Model 200 A
audio oscillator., While this oescillator can provide froquen—
cies from 35 to 35,000 cycles, 1t 1s bPeing used at a constant
frequency of 750 cycles., This frequency can bo conveniently
filtercd so as to oliminnte 6C-cycle pickup.

13" i1g a shielded 1solating traneformer with inmput and
output impedance selectzd to metch the oscillator snd bridge,
reapectively. The transformer is e Unitod Tronsformor Company
type LS141 transformer.

"The Bridge." - "C" is a "dummy" type A~1 gage mounted
on a strip of meterial similsr to the "woigh-b~r" or test
plece or which is mounted a simllar grge "D.' Those gages
hove an approximate resistance of 120 ohma ~nd tho "dummy™
gage is mounted a8 close to the measuring gage es possible
in order to secure texperature compensrtion. These two ele-
nents forn two arms of the bridge. The other two arms are
nede up of resletance eloments B, ¥, G, H, I, J, ~nd K, which
are sslocted to make roughly a 1:1 ratio with the SB-U ole-
ments, .
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Rosistancos B, F, and R form e resistance combination
of aoproximrtely 146 ohma. Rosistances I, K, end the decnde
box J form r varinblo rosistance combination which cen dbe
varied to eult tho varticuler gages (0 and D) being used, so
that when the slide wire G is set at gzero, tho bridge 1is
balancod for zero strain on D, The slide wire G is o Leods
& Northrup Kolrausch type slide wire which 1is dividod into
1000 divieions. The seasltivity of the birdge is asuch that
one division on the sllde wiro corresponds to a roslstance
change of about 0.0009 ohm in goge "D." This chnnge in
resistence is equivalent epproximately to n strein of 4 x 107 s
inches per inch.

On sccount of strny cepecitnnce, it 1s necessary to
insort some capecity in one orm of the bridge in order to
obtain e belonce. This copacltance is shown at "T in figure
39 ond hns 2 ronge of 40 to 1000 puf. T is shown in arm C;
it can bo insertod, however, in any other arm, as roquired,
to cotain o balance.

The detector snd null-poirt indic~tor. ~ The verious
prrtes of the detector circult are "I," & high qunlity shicldod
t7pe 87All Stoncor isclating troneformer which mrntches the
iupederce of the bridge to the amplifier M. Tkis emplifier
is a Dovid Bogon Company type Ell amplifior heving a variable
gein from O to 125 db. The aiplifiod signal is thon passed
through two filters, N end P, designrd to gelect tne brnd
from 500 to 1000 cycles, ~nd the filtored wave 1s skown on
the oscilloscope.

W is a Gorernrl Rndio typo &30B, H00-cycle high pnss
filter, ~nd P is n Goneral Bndio type 930E, 1000-cyclo low
poss filter. Q is a Dullont type 168 oscillogreph. All loeds
connceting tho various protlons of the equipucnt are in
shielded c~blos and the shields of all cables and transformers
are groundod.

Sovornl tests wore mnde with the strnin gege "D" on tho
serplce itsclf and tho dummy goge "C" on an unstrained samplo
nearby. It 1s time-comeuming to uso a now grnre with oach
grrple; noreover, o gage on the samwle ls subject to error
at high locds whon the sramplo is yielding. On the othor hang,
a woigh~boar in sories with tho snmple offors difficulties in
nounting of tho scmple. Henco, somo mombor of the machine
itsolf which would show apprecisble strein provortional to
the load wns sought. '
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A convenlent srrangoment proved to bo this: Goge "D"
wos mounted on the plate fulcrum K (fig. 37), while "C" was
mounted at M. Thus, "C" servod as temperature corpensator
to D, and also, since M is in tension when K 18 in compression
and vice versa, the arrangement offers reasonrble sensitivity
desplte the relatively amell sirains in those plate fulcrums.
It should be noted that the strain in gage "D" crusod by
bending of K ia largely compeneeted by a etrain of gago "C,"
owing to concurrent bending of M. Except at extremely low
loads (less than 50 1b), the readings of the slide wire in
the bridge circult are linear wlth correeponding values of
static load. Dynanmic rordings with this goge arrangement,
noreover, zlve values agreecing wlth those obtolned by uslng
r strain gage on tho specimen itself. (The slight discrep—
encies nt low londs can be elinmint~ted by an arrangement
whorein "D" conslsts of two strein gogos nounted upon oppo-
slto sldes of plate K and wirod in series, while "C" ia o
sinilar orrangemont upon plate M.)

One renson for tho raproducibility (usually bettor
thrn 1 percent) of dynanic lord values obtainod with the
olectric strein g~ges concorns the crllibration method adopted.
Ags an example, suppose it is desired to obtaln dynemic vrlues
for somo particular loadirg. The cam is turned by hand, end
roadings of the dial gngo nnd of the slide wire are recorded
for meximim lond, for nminirmum lo~d, nnd for two or threo
lords in botweon these, Thils affords n cnlibration curve
for the strnin gage. Now the Krousc gnge bar 1s renovod,
the motor 1s started, nnd dynenic values for riaximin ard
minimmm lo~d 2re read from the slide wire. The nnchine is
now stopped and the calibration repeated. Thus, eny shift
in tho strain gage callbration crnused, for exrmple, by l-ack
of corplote terperature cormensation, is noted. 1If such a
shift is appreciable (which occurs only whon tho strain gnge
circuit hes beon turned on recently ~nd h~s not reeched
equilibrium), the readings are all roposnted.

Many tests by the method described above indicate that
the "dynemic throw" (max. load mimus min. lond whon the
machine is running) is sbout 15 percent groctor than the
"gtatic throw" (difforance betwoon mex. and min. londs when
the cem is elowly turned by hand). That thie throw increcse
is due to inertlia of the moving londing lever wns confirmed
by toste with a sorles of strain goges mountced rlong the top
of the loading lover (nt ¥, O, P, etc., in fig. 37). Tho
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gage rt N showoed such a dynamlc increase, the ono at O showed
1little difforence betweon dynrmic throw and static throw, vhilo
gaces at P, Q, and B showed static throws more than dynemic
throws. Those observations ere readlly understood if, becauso
of inorties, the bendinrng of the conter line of tho loading lever
is along the lines skotched in figure 4l. In such ~ cose, the
strain at ¥ would be groater for static deflections. The poin
0 ie ot the plrco where the strain is the samo for both stetlc
and dyneric conditlons.

All tho tests thnt have becen tried indicete that, with
the celibration nothod ueod, strain gages on the plate ful-~
crums X ~nd M erc satisfectory. Tho greph plotted in figuro
42 indicatos thet tho dynanic throw is directly proportionnl
to tho statlic throw for a wide range in moan load and for
spccinens verying widely in stiffroass. The points shown on
the sraph were obteinod for (1) a stiffened aluninun penel
(typa D) londod in compresaion, (2) o crst iron pipo about
5 inches in diamotor and 3/16 inch in well thicknosa loadod
in cormrossion, (3) a stool plato about 15 inchos long rnd
2.00 inches by 0.093 inch in cross section losded in tension,
and (4) o spot-welded 0.0LUO inch sheoet of rlunimum with wolds
3/4 inch epert londod in tension. It will be noted thot the
oxperimontal points frll upon a straight line with consist-
ency. 4 similrr calibretion curve wes made for tho right-
hand side of the machine. It should bo noted, since it doeos
not appecr upon the grrph, that the dynamic mean loed had,
within exporinmontal error, the seme value as the stntlc
monn loed.

In view of the ccnsistency of points for such plots, it
secne Justifinble to ~dopt & graph such es figure 42 ns o
c~libration curve. If the desirod dynamic throw is known,
the corrcepording static throw is obtairod from the celibra-
tion curve rnd the loadingz is dore stetically.

Moaguring the Nuvber of Cycles to Pniluro

Tho fatigue testing mnchine wes originally equipped
with elactricnlly operntod counters. Difficulties with thesc
ropalted in hoving thewm replnced by the mochnnical countors
alroedy mentioned. Theseo lator courtors nro now opernting
satisfnctorily.



35

Tho cut-off (which stops the machine when a test piece
fails) consists of a microswitch operated by a change in the
deflection of the center of the loading lover wilth & chengo
in tho maxinum load. The motion evailable is only about 3% -
thousandths of an inch for a change in maximum load of 100
pounds. With theo present arrangement, the switch cen bo nedo
to operate for a motion of 0,015 inch corresponding to a
chango in load of U430 pounde. The consisteoncy of this "erite-
rion of falluro" 1s, of courso, bettor than this in the sense
that cut~off ococurs nt nearly tho same (within about 80 1b)
decrocsae in load for all samples.

e Routine Adopted for Fatigue Tcets

In ordor to troat rll sarplos consistently, a routine
procedurc of loadins and checking sarples has boon establishod.
Ench sample is ingpectnd for rough edges or visible firws.

The pertinent dinmensions of ench sam:le aro rccordod. From
dnta obteoined on provious tests, o loed deslpgrod to give a
deslircd point on the S-N curvo is solected. If tho dynanlc
throw necigred is known, the static vrlues st walch the
mechine should bo set are computed by using the dynaniec

throw calibretion greph (fig. 42) for the varticular mrchine.
By use of the calibration coanstant furnishod with the nnchine,
the dial reedings to which tho leend 1s to bo set src commuted.

Tho sample is then ploced in tho clarps, wilth the pro-
cnutions alrondy noted, and the londing scrow and the can
eccontricity are adjusted until tho desired dial rondings
(within 1/3 dial division - corresponding to cbout 10 1b)
arc obtainocd. Now the machino 1s run for 1000 cycles, during
which the moan lond ofton decremses. The lord is chockcd
ard, 1f recessary, restorod to its original vrlue. Tho merchino
is started and, n~ftor the cut—off adjustment has boen checked,
is left running.

4All mechines are checkod frequently. A chock includes
a cournter rc~ding, ronding of maximum and minimum load, a
checlz on the cut—off adjustment, rnd careful visual examina-
tlion of tho sample.
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PABLE 1, SUMMARY OF HESULTS OF TESTS ON 24S-T ALOCLAD
USED FOR LAP JOINT SAMPLES* '

Thickness |Tenslle Strength | Tensile Yield | Elongation | Oompressive
of Sheet (psi) Strength (in 2 in,) | Yield Str
(Offset 0.2%) ¢ (Offset o°“2
(Pﬂi) psi
«025% Min. 65,900 ,000 16.0
Ha.'l. 68'200 5 l5oo 19.0
Ave. 67,550 52,810 17.5 45,700%*
.032" Min. 64,500 47,400 16.0
Max. 68,500 51,800 20.0
Ave. 66,640 50,090 1¥.9 42,600%*
-Ol4or e 57 830 52,570 16.5 44,900

* Tests were made at Aluminum Company Laboratorics. A complete copy
of thelr roport is given in the Appendix. The valuss quoted above
wore selected from data on test coupons from the particular sheets
used Iin meklhg the lap jJoint samples.

*¥ Compressive Yield Strength 1s result for 1 sample.

**#No sample of the .OMO" sheet actually used for the lap joint speciw
mens was measured; the velues given are average velues for .OHOY
sheet used for compression samples and for unstressed attachment
sanples.
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TABLE 2. WELDING CONDITIONS ON SPOTWELD LAP JOINT AND UNSTRESSED ATTACHMENT SAMPIES
o ——— —
Secondary Current (2) 1) Eloctrode Pressure Surface Treakment| 8hear
Type of Peak me in 860, Eleotrode Tipa |WeldIng Yor Pressure [ Paint | Removing|Strength
Specimen Amperes | To Peak otal Upper Tower | Pressure| . me from Pea Removal Oxide Single
Lbs« [Value|{Current Mllligeo.| and De Spot
Lbs.[To Start To Max. | grease Ibs.
Lap Joints 41,800 18.5 67.6 4"R 4"R 1600 2400 9 22 Navy Re P.Ie
0.040" Dome Dome Spec. | Bol«fl0 | 802
C~67-6
Lap Joints 21,600 | 17 6643 24"R 22" | 600 1800 | 17 37.4 Nevy |R.PeIe | 347
and Unstressed Dome Dome Spec. | Sol.#10
Attachments c-67-6
0.032"
lap Joints 38,700 7 63 4"R 4"R 600 1800 0 11 Navy RePel. 528
and Unstressed Dome Dome Spec. | Bol.#10
Attachments C-67-6
0.025"
Unstressed 26,5600 | 16.2 T1.3 2™ 22"R | 600 1800 | 16.2 32.4 Navy |ReP.I. | 470
Attachments Dome Dome Spec. | 80110
0.040" c-67-6
et e————————— ——— s — m— e ———

(1)10tal time from start of welding ourrent until decey to 10%.
(2)condenser Discharge typo of wolding.

VIVN



TABLE 3« BTATIC TESTS ON LAP JOINT SAMPLES

Sample No. Thickness of Sheet Noe. Spots Spot Spacing Rupture load Rupture load
(Lbs.) (Lbs./Spot)

1A~-26 +026" 4 1i" 1332 333
1A-30 025" 4 1" 1362 338
1A~21 .025" 6 3/a" 1908 318
1a-22 026" 6 3/a" 1848 308

0133 032" 4 11" 1240 310
26131 032" 4 1;2 1260 316

2N33 032" 6 5/a" 1920 520

2§31 ..032" 8 3/a" 1980 330

SA1 040" 4 n 2400 600

349 .040" 4 " 2460 616

3A27 .040" 6 3/an 3640 590

3A30 040" e 3/a" 3590 698

Yote: In all cases, fallure was by shear through spot.

VOVN
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TABIE 4. FATIGUE DATA 1 IAP JOINTS OF 0.025" ALCIAD 24 S~T WITH & SPOTWELDS SPACED lﬂPAR‘I‘

Sample Xo. Total Max. Load Max. lLoad Ratlo Cysles to Cycles To Type of Break
Ibs. Iba./Spot Min.Stresa | First Observ4 Fallure
Max.Btress | ed Cracking

1A7 400 100 25 2,317,500 | 2,372,600 Pulled buttons & fatigue orack.
1B13 440 110 25 1,017,500 " hd n " n

1A9 500 126 «25 90,100 " " " n "

1A5 500 125 «25 197,800 695,800 " " n n u
1A33 600 150 «25 67,000 78,100 Fatigue craock.

142 600 150 «26 521,800 " "

1A18 660 166 «25 34,200 Pulled buttons, also sheared.
1A3 720 180 «25 13,100 Pulled buttons.

1A4 880 220 «25 6,300

1Al 1000 250 «25 3,700 Shear.

1A24 220 56 «50 58 ,000 Did not fail.

Reloaded 880 220 «50 4,300 Pulled buttons.

1A17 340 85 «50 5,734,300 | 5,930,400 Fatigue cracks. )
1A22 400 100 «50 5,687,800 | 8,300,300 Fotigue oracks & pullad buttonsa.
1AE19 440 110 «50 629,800 927,100 Fatigue cracks ohlefly, also

pulled buttons.

146 600 250 «50 12,800 Pulled buttons mostly,some shear.
1B14 520 130 «50 1,651,700 | 2,992,600 Pulled buttons,also fatigue orack.
1Al16 600 150 <50 70,600 Pulled buttons.

1423 720 180 «50 25,700 B "

1B156 740 185 «50 79,100 96,000 Fatigue cracks & pulled buttons.
1A29 480 120 «76 >10,759,800 Did not fail.

Reloaded 1040 260 .75 700 Pulled buttons.

1A28 600 150 »75 756,300 htiﬂe cgag%s indication of

pulling ons.

1AE1l 740 186 +75 413,500 820,800 Fatigue crack and pulling buttons.
1AE21 800 200 - 75 140,900 222,500 Pulling buttions & fatigue cracka.
1AE10 1040 260 +76 73,700 Fatigue cracks.

VO VN



TABIE 5. FATIGUE DATA ON LAP JOINTS OF 0.025" ALCLAD 24 S-T WITH 6 SPOTWELDS SPACED 3/4" APART®

Sample Total Max. | Max. load Ratilo Cycles to Cyoles to
Number | Load Ibs. | Ibs./Spot |Min.Stress | First Observ-| Failure Type of Break

Max.8tress | ed Cracking
1a-18 .44 74 *26 >9,010,900 Pulled buttons during relot.ding.
1AD-6 510 86 .25 1,000,000 2,530,900 Fatigue cracks.
1AD-4 570 95 .26 1,000,000 1,318,600 ]
1AC-3 660 110 .25 351,000 467,700 " "
1A-31 760 126 «25 225,000 485,000 chieﬂy fat:l.gne omcku.
1a-10 810 136 26 - 182,900 of buttons.
1Ac-2 840 140 .25 - 108,600 Chiefly fatigue ornuks. some pumng/
1c -8 960 160 .26 16,100 36,200 Pulled buttons.
1A-32 1020 170 -26 -— 23,200
1A-25 1140 190 .26 -- 8,100
ll-30 1200 200 «26 —— 500 Shear. .
14 -5 510 85 .50 7,227,600 8,653,100 | Fatigue orack. f
1CD-9 570 95 .50 2,640,900 " " _
1cD-7 690 115 .50 280,000 683,000 " n ;
1A-19 690 115 «50 290,000 594,300 " "
14-23 780 130 50 340,000 770,300 " " :
1A-26 900 150 .50 136,000 Between pulling buttons & fatigue orack.
1a-12 960 160 <50 44,300 Buttons pulled.
1A-28 1020 170 60 16,700 " " :
1A-24 1020 170 <50 16,200 a " i
1A-17 1080 180 ¢50 39,700 " n )
1A-13 810 136 76 7,600,000  [>11,771,400 Failed during reloading.
1A-16 960 160 75 623,700 1,068,000 Fatigue crack. '
1a-14 960 160 75 348,200 483,100 " ] \
1A-16 1050 175 .75 290,800 " "
1A-11 1200 200 75 166,500 " "

VOVN



TABIE 6 FATIGUE DATA ON LAP JOINTS OF 0.032" ALCLAD 24 ST WITH 4 SPOTWELDS SPACED li' APART

Sample Total Max. | Max. load | Ratlo Cyoles to First | Cyoles to

Number | Load Ibse | Ibs./Spot | Min.Stross | Observod Cruok- | Failure Type of Break
Eox.8tress ing.

2Rl 460 116 «2b 5,442,900 6,621,200 Fatigue oracke

22 5600 126 »2b 338,300 1,295,600 " "

24130 520 130 «2b 266,000 863,400 n "

323 560 140 «25 599,200 1,119,300 " "

2F17 640 180 26 210,000 227,500 Fatigue orack (shear failuret)

2616 700 176 26 67,000 69,600 Shear.

61-32 760 190 «25 ——— 46,6800 Shear and pulling buttons.

2EF7 840 210 «25 3,800 Shear.

2Eb 880 220 «2b 2,800 Shear.

2E6 920 230 «25 6,760 Shear.

2EF8 1000 260 «2b 1,250 Shear.

126 1040 260 «25 1,100 Shear.

24 620 130 «60 1,838,800 3,171,100 Fatiguo orackse.

24127 600 150 «50 427,000 886,400 Fotigue oracks.

2E3 640 160 «50 678,900 1,193,500 n .

2614 720 180 «50 177,000 326,200 Fotiguc oracks snd pulling buttons.

2EG20 800 200 <50 52,400 71,500 Pulled buttons.

2r2 840 210 «50 ——— 22,500 u "

2F18 880 220 «50 27,400 Fatigue oraoks.

2HI29 900 226 «50 ——— 26,800 Pulled buttons.

2EF9 960 240 «60 28,200 . "

Z2EF12 1080 270 «50 4,500 Shear.

28621 600 160 «76 >10,276,200 Did not fall.

Reloaded 800 200 «76 57,600 Fatigue oracks.

2Fl16 680 170 «T6 1,126,000 1,969,600 . "

2EF10 800 200 «T6 125,000 549,600 " .

2E4 900 226 «7b 141,800 174,400 . "

24128 1000 250 «76 142,700 338,200 " "

2HI2H 1040 260 +76 119,900 Pulled buttons.

2EG19 1080 270 «76 168,000 " "

C-h 4
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- TABIE 7. FATIGUE DATA OH LAP JOINTS OF 0.052" ALCIAD 248~T WITH 6 SPOTWELDS SPACED 3/4" APART

Sample Total Max. | Max. Load Ratilo Cycles to First | Cyoles to
Nuber | Load Ibs. | Ibs./Spct | Mine Stress | Observed Crack- | Faoilure Type of Break
. Iroas 15.
2LN21 540 90 «26 >10,642,500 | Did not fail.
Reload 840 140 - «26 768,200 | Fatigue orasck.
2J19 B70 96 26 732,800 1,503,400 | Fatigue oradke.
2KLb 630 116 «2b 864,000 1,089,000 | Fatigue oracke
2Jx17 760 126 »25 360,300 776,000 | Fatigue orack.
2iN29 810 136 «26 225,000 439,000 | Fatigue craok.
212 930 166 26 203,100 296,200 | Fatigue oracke
2N32 1060 176 «2b 76,100 119,800 htigue_nnﬂ pulled buttonse.
2LN20 1200 200 «26 —— 9,700 | Shear
2128 1320 220 «26 —— 9,900 | Pulled buttons.
2119 690 1156 «50 >10,696,000 | Did not fail.
Reload 960 160 «60 847,700 896,300
2126 760 126 +50 558,800 1,000,600 | Fatigue oraoks
2Jk16 810 1356 «50 301,100 736,700 " n
2J18 930 166 +60 29,300 346,300 » "
2JK14 1080 176 .50 93,000 221,900 | Pulled bution, fatigue.
2611 1110 186 «50 79,300 150,300 | Fatigue orsck.
21423 1200 200 50 22,800 | Pulled button, shear.
2JK11 1260 210 «50 70,000 113,500 | Pulled buttons.
2JK16 1380 230 «50 34,350 | Fatigue oracks.
2m28 © 780 130 «75 2,208,900 7,043,800 | Fatigue orack.
an3o . 900 150 «75 1,571,600 5,222,500 " B
2JK10 , 1050 176 .76 622,800 1,441,400 " .
2JK18 1200 200 76 226,400 618,100 . "
21M24 1380 230 «75 116,800 150,000 o n
27 1560 260 .75 47,200 | Pulled buttons and shear.

VOVN A’
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TABIE 8. FATIGUE DATA ON LAP JOINTS OF 0»040" ALCLAD 24 S-T WITH 4 SPOTWELDS SPACED 1%" APART

Ratlo Cycles to First
Sample Total Max. Max. Load | Mine. Stress Observed Crack- Cycles to Type of Break
Number Lood Lbse.. Lbs-/%pot Mex. Stress ing Failure
3A25 600 150 0.25 >5,142,100 Did not fail.
3425(Reload ) 1200 300 0.25 113,000 Fatigue crack.
3A23 700 175 0.25 1,309,200 Fatigue crack.
3A19 800 200 0425 420,000 779,600 " "
3A33 880 220 0.25 454,200 539,200 " "
3528 1000 250 0.25 189,750 346,800 " "
3A31 1040 260 0.25 100,000 291,400 " "
3A14 1200 300 025 25,200 Shear.
BA13 1500 375 0.25 34600 "
S3A15 1620 405 0«25 1,000 "
3426 700 176 0.50 >15,320,000 Did not fail.
3426(Reload)1200 300 0.50 66,400 183,600 Fatigue cracke
3a21 800 200 0450 515,500 1,964,600 " "
3432 880 220 0.50 331,600 1,109,000 " "
3ART 900 225 0.50 279,800 897,000 " "
3420 1000 250 0.50 152,100 1,053,000 " "
SALT 1200 300 0«50 73,300 196,500 " "
3a18 1400 350 0450 60,000 72,200 " "
3A22 1600 400 0.50 8,000 " "
3A28 800 200 0.75 2,188,000 6,784,600 Fatigue cracke.
3A1l 960 237 0.75 1,453,700 2,984,600 " "
3410 1000 250 0.75 2,373,700 " "
3424 1000 250 0.75 >3,200,000 Did not fail.
3A24(Reload )1600 400 0.75 200,000 1,380,000 Fatigue crack.
3A8 1100 275 0.75 489,000 842,300 " "
3AT 1200 300 0.75 1,152,300¢ 1,761,600 n "
3A5 1400 35Q 0.75 684,300 936,000 " "
3A2 1600 400 0.75 533,300 n "
3A4 2600 500 0.75 220,000 277,000 " "
3A6 2200 550 0.75 . 41,200 " "

Y
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TABIE 9. FATIGUE DATA ON LAP JOINT OF 0.040" ALCLAD 24 S-T WITH 6 SPOTWELDS SPACED 3/4" APART
Somple Total Max. | Max. load Ratio Cycles to First Cycles to .
Number Load Lbs. Lbs-/Spot Mine Stress | Observed Crack- Tailure Type of Break
Haxe Stress | ing.
3A25 690 115 0.25 10,753,000 Did not fail
Reloaded 1800 300 0+25 11,100 Pulled buttons.
34B7 720 120 0e25 2,124,000 Fatigue crackse.
3424 775 129 025 2,973,500 " Y
3423 900 150 0.25 135,900 257,400 " "
3A22 900 150 C.25 638,000 " "
3A2 1050 175 0425 176,400 " v
3A29 1050 175 025 261,000 " "
A3 1200 200 0.25 129,300 216,000 " "
3AB8 1320 220 0.25 98,500 153,900 " "
3A1 1500 250 0425 94,200 126,000 " "
3AB10O 1560 260 0.25 76,000 104,600 " w
3AS 1800 300 0.25 16,600 Pulled buttons.
A4 2100 350 0«25 3,400 Shear.
3AB11 900 150 0450 5,127,000 Shear.
3AB12 1050 175 0.+50 1,059,400 Fatigue cracks.
3AB33 1350 225 0«50 174,700 223,400 " "
3A31 1650 275 0.50 31,200 Pulled buttonse.
3A32 1650 275 0450 87,000 Fatigue cracks and pulled buttons.
3A26 1800 300 0.50 68,000 Fatigue cracke.
3A28 2100 350 0.50 31,700 " "
3ABS 2400 400 0.50 7,100 Shear.
3A18 1200 200 0.75 10,517,600 Fatigue cracks.
3A21 1350 225 0.75 2,950,000 " "
3A6 1500 250 0.75 490,000 " "
3A20 1650 275 075 1,000,400 " "
3A15 1800 300 0.75 318,000 593,000 " "
3A13 2100 350 C.75 387,400 n "
3A8B 2400 400 0475 143,000 Shear.
3A14 2700 450 0475 205,800 Fatigue cracks.
3AL17 3000 500 0.75 88,000 107,600 Shear
3A19 3300 550 0475 4,100 '

VOVN
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TABIE'10. EXTRAPOLATED VALUES OF REVERSED STRESS FOR 0.032" ALCLAD 24 8-T

9v

Weld Spaocing | Reversed Stress (Ibs./Spot) at Varied Lifetimes Static Ultimate
Inches 50,000 Cyoles 500,000 Cyoles 5,000, oles (1bs./8pot)
Stress OO Stress K. Btress Re
3B* 106 | 0.340 70  0.224 . 69 0.189 512
L

3/4 108 | 0.332 68 04209 43 04152 325
Single Spot 70 0.184 40  0.105 50 04079 381
anerngg
Stress

* Values reversed stresses extrapolated (see Figure 11).
** From tests by Hartman and Stickley (see Reference 2).

*#* R = stress given lifetime
statio ultimate




TABLE 11. REIATIONS BEIWEEN WELD DIMENSIONS AND FATIGUE DATA FOR 0-_9&2" - 0.025" GAGE MATERIAL

VIVN

Sample Average Width of |Average Maximum Ratio | Cycles Ioocation of | Spot Gage
Number Length of |Spot{Axis |Penetration | lLoad/ Point on Spacing

Spot (Axis Hormal to |of Spot Spot SN Curve

in Direction] Pirection

of Testing) | of Testing)
1A-7 (4) De145" 0.140" 44% | .022" | 100# 0.26 | 2,372,600 On ourve. 13" 0.025"
14-4(4) 0.160" 0.140" a4% |.o22" | 2208 0425 6,30 | On ourve. |13® 0.025"
14D6(6) 0.157" 0.141" 36% |.018" | 86F 0.25 | 2,630,900 On curve. | 3/4" 0.026"
1A-26 (6) | 0.145" 0.138" 40% | .020" | 190§ 0.25 8,100 On ourve 5/a" 0.025"
2H-23(4) 0.134" 0.128" 656% | .035" | 1404 0.26 | 1,119,300 On ourve 13" 6_,052‘
2B5(4) O.122" 0.123" 60% |.032" | 2204 0.25 2,800 Below curved 13" 0.032"
2K1~5(6) 0.129" 0.122" 48% |.031" | 115# 0.26 | 1,089,000 On curve. | 3/4" 0,032"
21¥-19(6) | 0.131" 0.134" 63% [.034" | 11 0.50 |10,596,000+ | High s/av 0.032"
HReload 16 0.50 896,300
1A-31(6) 0el44" 0.181" 46% |.023" | 125§ 0+26 486,500 High 5/a" 0.025"
1A-2(4) 0e150" 0.139" 58% |.029" | 1604 0426 550,000 High 13- 0.025"

LY
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TABLE 12.

SUMMARY OF RESULTS OF TESTS ON 2L4§-T ALCLAD
USED FOR COMPRESSION SAMPLBS*

Thickness | Tenslle Strength | Tensile Yield | ¥longation | Compression
of Sheet (pel) Strength (in 2 in,) | Yield Strength
(offeet 0.28) (Offset o°2§t
(pet) (psi)
0251 Min. 65,300 51,400 17.5
Mex. 67,300 50,000 1.0
Ave. 66,500 51,233 17.7 4, 000*»
032" Min. 66,800 19,700 19,0
Max. 68.’4‘00 51'900 17.0
Ave. 67,510 50,600 18.3 42,000+
.0l4on 68,900 51,300 17.0 44,900

% Tests were made at Alumimum Company Laboratories.
of their report 1s given in the appendix.

A complete copy

The values quoted above
were selected from data on test coupons from the particular sheets
used in meking compression samples.

“*Compression yleld strength is result for 1 sample.



TABLE 13.

AL e

WELDING COMDITIONS FOR STIFFENED PANEL SAMPLES

VOVN

- furfase Treatment | :

Becondary Curremt®

Electrode Pressure

n rging Pressure Palnt 8!:1ur Strength
Pask [Milli-S8ec.| Electrode Welding. . e for Pe rre Removing 8ingle-8pot
nge" Value o Tips Pressure{Value| In Milli-seconds and Removing| 8peclmen
Inches Amps. |Peak Timel pper | Lower Lbs. | Lbs.| To To Naxs Degreasing Oxide " lbes
0.0328r |30,400| 16 | 62 [2a" R{4" x 10° [ 800 |2400 12 110 Aoetone & | R.P.I. 460
Trichlor |8olution
Ethylene No. 4
Yapor
0.032pl LDmne Flat
{
0.0328r |32,400| 16 | 62 (24" R|4" x 10° | 800 |2400 12 110 " u . 606
0.051p1 rDmo Flat \
0.0528r(2)|37,200| 17 | 61 |2k R | 5/16"x10°| 800 |2400 8 49 Navy Spec. i
G-G?-C R‘P-Io - 492
Solution| -
No. 10 '
0.040p1 Dome | Flat i
0.0328r |24,600[18.6[69.0 [24" R | #16"x10° | 600 |1800 0 39 " . 410
0.025p1 Dome | Flat
M

1.
2.
3.
4.

Total time from start of welding current until decay to 10%X.
1 oracked weld others sound.
Condenser discharge type of welder.

8r - stringer

pl - panel




TABLE 14. STATIC COMPRESSION TESTS ON STIFYENED PANELS
Average | Average
Panel Weld Area Arei Buckling| Buckling | Crippling| Crippling | Crippling

Thickness | Spacing A 4 W load P Stress | Loud P Stress 8Stress

(Inches) | (Inches) | (8gein.) | (Inches) | (sq.in.) (Lbs.) P./A. (Lbsj P2/A Py/Al
Stiffner

Alone - «162 - - - - 5,680 34,400 --
0.026 «76 «276 1.436 «198 1,760 6,360 8,400 30,5600 42,300
0.025 1.26 <275 1.436 <198 1,760 6,560 7960 28,900 40,100
0.032 «75 -306 1.84 .221 2,960 9,630 9,020 29,600 40,800
0.032 1.25 «306 1.84 «221 2.950 94630 8,300 27,100 37,600
0.040 <76 342 2.30 <254 3,900 11,400 10,4456 30,600 41,100
0.040 1.26 342 2.30 «254 3,900 11,400 8,640 256,200 54,000
0.051 «76 «391 2.92 <311 4,600 11,800 11,160 28,500 36,900
00051 1.25 -591 2-92 l311 4.5m 11]800 9.520 24.m w.m

oS
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TABLE 16 COMPRESSION FATIGUE RESULTS ON 0.0256" ALCIAD 2487 STIFFENED PANELS

. st
Ratio Dine stress ..
maxe. gtross
Semple | Max.Load (Lbs. ) Spot Spacing |Cycles to fallure Type of break
16 2600 13" 6,602,600 Failed ~ welds pulled
19 2700 13" 1,524,600 " 1 weld pulled loose
18 2800 13" 210,000 " 1 weld popped, 1
oracked
LS 3100 14" 598,100 Failed
LB 3300 13" 100, 700 " 1 weld pulled
12 3500 14" 6,500 " 1 weld pulled
L7 4000 13" 100 " 3 welds separated
K5 2600 3/4" 2,742,200 Failed - 1 weld pulled
X7 3200 3/an 847,000 "  Welds pulled
Kl 3600 3/am 714,800 "  Welds pulled
K3 4000 3/an 7,000 "  TWhile adjusting
ocut-off 1 weld, possibly
not sound, pulled
] 4500 3/an 302,200 Falled - 1 weld popped
K9 5100 3/4" 11,400 " 1 weld, possibly
not good, pulled
X10 5600 3/4" 4,600 Failed - 2 welds

# For K-3 the ratio,omingto an error, was 0.394 instead of 0.250.

VOVN

s



52 NACA

TAELE 16. COMPRESSION FATIGUE RESULTS ON 0.03g% .
243-T ALCLAD STIFFENED PANELS

Semple | Max. Losd| Cycles to | Batio | Bpot Speoiig |  Remerks
Number Lba. Fajilure Min.Load Inches
Max.Load
A6 781§ 63600 25 3/4
Al0 6498 144,000 .25 "
A3 6000 167,900 25 "
A5 5496 252,900 «25 "
A2 4500 812,400 25 bl
A7 3996 815,200 «25 b
A8 3498 20,000,000 +85 " Did not fail.
AB(reloaded) 3996 1,202,420 25 hd
B9 5500 3,140 .25 i}
BS 5000 58,000 25 »
B10O 4450 104,000 «85 b
B2 4080 62,000 «25 .
B8 3980 309,600 85 "
B 3525 1,550,000 25 "
B? 3500 31,200 » 25 .
B8 3300 2,127,600 «25 "
B4 2550 22,000,000 +25 " Did not fail.
B4(reloeded) 3500 7,500,000 25 "
==L====:====:L=ﬁ=—&



TABIE 17. COMPRESSION FATIGUE RESULTS ON 0.040" ALCLAD 24 8-T STIFFENED PANELS

Ratio 0.25 Min. Stress

VOVN

Tess

Sample Max. Load Spot Spacing Cycles to Failure Type of Break

Lbs.
G2 3400 5/4" 9,496,700 Did not feil
Reloaded| 8000 3/a" 96,600 Two welds popped.
G3 4700 3/a" 714,500
G8 6200 3/4" 682,100
Go 56800 3/4" 466,300 .
G6 6000 3/a% 213,700 Falled through the one cracked weld in sample.
Gl 6500 3/4m 294,400 2 welds broke '-
Gl0 8500 3/a" 58,000
G6 9200 3/a" 34,400 Meld pulled
H8 3200 1i" >10,179,800 Did not fail
Reloaded| 6000 12" 78,600 wo welds popped.
Hl 3600 1;" 7,539,700 Failed in center welds.
Hb 4000 14" 1,156,000
H9 4600 " 524,000 Hﬁeld pulled.
H2 5000 11" 61,900 " L]
HS 5600 11" 200,000 n .
HT? 6200 15" 34,800 n n

€G



54

TABLE 18.

COMPRESSION FATIGUE RESULTS ON 0.081"

245-T ALCLAD STIFFENED PANELS

Samp Max. Load Ratio

Cycles to 8pot Spacing
Number Lbs. Failure |Min. Loed Inches
[z, Tow
c9 9350 11,700 176 3/¢
c3 8500 169,800 .25 "
04 8275 220,000 .170 "
ce 7626 263,700 173 "
cé 7600 217,000 .164 "
10 6900 165,000 .162 "
5 6750 1,500,000 .250 -
c7 6500 4,000,000 .200 "
(@14 not fail)
D7 7250 900 | .25 1}
D2 7000 66,000 .25 "
Dl 7000 664800 25 "
D8 6500 £90,000 .25 u
D4 6500 42,600 .25 "
D3 6500 22,000 .25 w
D6 6250 638,000 .25 "
D9 6000 10,658,600 .25 v

NACA
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TABLE 19. SUMMARY OF RESULTS OF TESTS ON 2u45-T ALCLAD
USZD ¥FOR UNSTRESSED ATTACEMENT SAMPLES®
. ‘Trickness |Tensile Strength | Teneile Yield | HMlongation| Gompression
of Bheet (psi) Strength (in 2 in,)|Yield Strength
(offeet 0.2%) (Offset Oegt
(psi) (pei)
»025" Min. 65'380 50,000 17.5
Max. 67,400 53,100 18,0
Ave. 66.8""0 51'620 17.6 m-I-,OOO"
.032" Min. 65,500 49,700 16.0
Max. 68, 51,900 20,0
Ave. 67,170 50,750 18.L 42,000%*
» 040! Min. 67,000 51, 300 16.5
Max. 68,900 53,900 17.0
Ave. 67,830 52,570 16.8 4L, 900**

* Tests were made at Aluminum Company Laboratories.
of their report is given in the appendix.

A complete copy

The walues quoted above
were selected from data on test coupons from the particular sheets
used in meking unstressed attachment samples.

#*Comproseion yield strength is result for 1 sample.



TABLE 20. STATIC TENSION TEST ON UNSTRESSED ATTACHMENTS
Sample :::;::r Gauge Yi&lgs ad ?_:::k(jfbss ) (g.i.:.lf.) Ug.;hsiinf.te Elo(nisltion
4428 4 <026 3,800 4,660 60,700 62,100 7
4830 4 «026 - 4,470 - 69,500 7
4610 2 «0256 3,800 4,310 60,700 57,300 6
8p22 2 «032 4,600 5,220 47,900 54,400 6
6J30 4 «032 4,600 5,210 46,800 56,600 b
6c27 2 «040 5,800 7,280 48,300 60,600 7
6B26 4 +040 6,176 7,000 61,5600 58 ,400 ]

All failed across the line of spotwelds.

9S8
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TABLE 21.
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TENSION FATIGUE TEST ON_24 8-T ALCLAD SHEET 3" x .026" UNSTRESSED

ATTACHMENT, 2 SPOTWELDS 13" SPACED. R Min.Streas = 0.25

.Stress
— _ _ _— _ — —  — _______—— ]
Sample Max., Load | Cycles to fallure Type of Break

Lbs.
[

4B13 1200 >10,604,600 Did not fail.
Reloasded 2600 123,600 Failed in sheet Just below welds.
4c28 16800 370,006 Failed 2".
4C9 2200 219,800 Palled in fillet.
4811 3000 41,300 Failed through line of welds.
4022 3600 68,000 " " n o "
4C25 3700 4,700 Failed. One weld cracked.

TENSION FATIGUE TEST ON 24 S-T

4C4
4A19

4B12+
4C2 »
4B24
4B26+
4Cl»
4B26+
4C3+
4421

ATTACHMERT. 4

1800
2100

2400
2600
2700
3200
3600
4000
4100
1600

SPOTWELDS 3/2"

407,400
163,200

ALCLAD SHEET 3" x .025"™ UNSTRESSED

SPACED R =0,.25

Falled

pulled
Failed
Failed
Failed
Failed
Falled
Failed
Falled

in fillet.

Cracked 13" while load being

up.
in fillet.

in bottom fillet.
on top radius.

in welds.

Just below welds.
at fillet edge.
in weld.

Did not fail
Failed in fillet

200
Relosded 2400 53,400

* Unstreassed attachment on thess samples was ,032",
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TASLE 22. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .032" UNSTRESSED
ATTACHNENT R = ,25 Min. Stress
ress
Max. Load
Sample Lba. Cyclss to Fallure Type of Bresk.
2 spot welds 12" spacings
5P19 2000 520,300 Failed 1-5/8"
5K26 . 2400 300,100 Failed in fillet.
5M28 2800 213,900 Failed 1-3/4".
509 3300 62,5600 Failed through welds.
SR31 4000 70,100 " " "
5N6 4600 39,900 " " "
5P18 6000 6,700 " " bl
4 spot welds 3/4" spacings
5K27 1900 >9,787,600
5J24 2000 2,032,900 Failed through welds.
5J23 2400 930,100 " i hd
5J21 2600 317,700 Failed 2",
5126 2600 295,600 Failed 1-3/4".
5K28 3000 369,300 Failed in fillet.
5K31 4000 65,000 Failed- 2 right welds on rear of
sheet oracked.
5J239 4500 6,500 Failed in line of welds.
TABLE 23. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .040"
UNSTRESSED ATTACHMENT R Min.Stress =~ .26
x.3tress —
Sample Max. Load Cycles to Failure Type of Break
Lbs.

2 spotwelds 1}" spac ings

6A4 2300
6C32 25600
6A3 4000
6ca8 5000

6B2 6000

¢ spotwelds 3/4" spaoing_s{

5,096,500
1,049,000
223,200
74,500
6,800

6C27 2400
ezl 3000
6C30 3800
6825 4000
eB22 4200
6cs2 5000
6czs 6000
6C31 6000
6823 6400

3,879,400
620,850
143,800

54,300
203,500
32,900

48,700
22,000
9,100

Failed through welds.
Failed 1-3/4".
Failed 13".
Failed. Crack in weld.
Failed through weld.

Failed through welds.
Failed 14",
Failed through walds.
Failed aoross welds.
Failed in fillet.
Failed by shearing sheet
through line of welds.
Falled aoross welds.
Failed through all welds.
Failed through welds.

£D-M
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17.00"

20225

1.00")

overlap

Figure 1» Typical Lap Joint Tension Fatigue Sample
(Note failure by propagation of fatigue crack.)
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NACA ' Figs. la,b

Figure 1A

Sample showing shear type failure
through spots. Sample 3A - 4 (8).

Figure 1B

Sample 3A - 14 (4) illustrating
"button pulling” type of failure.
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Figure 1C

Sample 3A - 29 (4) illustrating
beginning of fatigue cracks at top
Of Welds.

Figure 1D

Sample 3A - 29 (6) showing
propagatton of fatigue cracks.

d
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MAXIMUM LOAD IN POUNDS PER SPOT

R= MIN. STR
00 MAX.STRESS
e 335%sPOT
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300
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CYGLES TO FAILURE
FIG.2 FATIGUE CURVES FOR LAP JOIN':'S"OF 0.025 ALCLAD 24 ST
SHEET 4 SPOT WELDS 1), 'SPACED 20259
300
-
Q «00
. e MIN.STRESS
= MAX.
¥ TaTic 313% spov X.STRESS
g 90V
=
=1
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CYCLES TO FAILURE

F1G. 3 FATIGUE CURVES FOR LAP JOINTS OF 0.025 ALCLAD 24 ST.

SHEET 6 SPOT WELDS ¥, SPACED

Figs. 3,3
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MAXIMUM LOAD IN POUNDS PER.SPOT

R= MIN. STRE
X

600
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Keller's Etch 20386

10X

(a) 0.025"-0,025"
4 Welds, 13" spacing..

Keller's Etch 20385
10x

(b) 0.032"-0,032"
4 Welds, 13" spacing.

Keller's E+ch 20387
10X

(¢) 0.032"-0.032"
6 Welds, 3/4" spacing. .

Figure 1l4.

Spotwelds in Tensile Samples

Figs. 14415

Keller's Etch 20399
10X

(a) 2LN19 6 Welds, 3/4" Spacing
0.032"~0.032"

Keller's Etch 20392
10X

(b) 2H23 4 Welds, 11" Spacing
0.032"-0,032"

. R oA et N

RKeller's Etch 20392
10X

(c) 1A7 4 Welds, 12 Spacing
a
00025“-00025"

Keller's Etch 20399

10X
(d) 1AD6 6 Welds, 3/4" Spacing
0.025"-0.025"
Figure 15.

Spotwelds in Fatigue Tensile Samples
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Figore 16.- Dimensions of Curtiss-Wright hat~shaped stiffener.
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Figure 17. A Typical Stiffened Panel Sample
(Note the failure by "pulling buttons").
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NACA

Keller's Etch 20390
_ 10X

Longitudinal 0.032"-0,040"

(a) H2-
Pransverse 0,032"-0,040"

He-

Keller's Etch 20391
10X

(b) 13- Longitudinal 0.032"-0.025"
L3~ Transverse 0.,032"-0.025"

Figure 23.
Typical Spotwelds in Stiffened Panel Section
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Fig. 34

KACA

19949
1X

Figuce 24.

Sample ¥K-3, 0,025"-0,032" showing
weld variation and elliptical shaped
welds in thin gage compression samples.



Keller's Etch 20394
50X

1-3 Longitudinal
0.032"~0.025" Compression Sample.

Figure 25,

Crack Propagation into Thinner Sheet

Keller's Eteh 20398
50X

G-10 Longitudinal
0.032%"-0,040" Compression Sample.

Figure 26,

Crack Propagation into Dendritic Zone

o9g‘ge *831d
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Keller's Etch 20384
10X

(a) 13 Transverse 0.032"-0.025"
L3 Longitudinal 0.032"-0,025"

S
NLRaEe % e,

Keller's Etch 20383
10X

(b) G110 Transverse 0.032"-0,040"
G10 Longitudinal 0,032"-0,040"

Keller's =tch 20382
10X

(¢) K9 Longitudinal 0.032"-0,025"
K9 Transverse 0,032"-0.025"

Figure 27.

Appsarance of Fatigue Cracks in Spotwelds

Fig. 37



NACA Figs. 28,39

Kellerts Etch 20396

Keller?! tch
50% s Ete 20381

K-9 Transverse
0.032"-0,025" compression sample.

Figure 28.

Crack Propagation Similar to
That Occurring in Lap Weld Sections. Keller's Etch

(v)

Figure 29.
Fatigue Cracks Starting

L-3 Transverse _
0.032"-0.025" compression sample.



RACA Fig. 30

fe : 17.00" . >

—1. oo"|<-—

attachment

Figure 30

Typical unstressed attachmsnt
tension fatigue sample.
(Note failure through line of welds.) -
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Keller's Etch 20388
: 10X
l  (a) 4e25
| 0.025"-0,025"

; 49,300 p.s.i.

| Keller's Etch 20388
; 10X
(b) 5K31
0.032"-0,.032"
41,600 p.s.i. Keller's Etch 20393

50X

Figure 35
Keller's Etch 20389
1 10X 4C25
* 0.025%-0.025%
L (e¢) eB21 49,300 pos.i.

0.040"~0.040"
25,000 p.s.i.

Figure 34.

Welds and Fatigue Failures
in Unstressed Attachments
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Fig. 36
Note Failure
fatigue outside weld
nuclous zone.
—_—

Kellert's Etch 20380
50X

(a) 6B21
0.040"-0.040"
25,000 p.s.i.

Kellert's Etch 20397
50X

(b) 4D22 (total failure on other end of weld)
0.025"-0.025"
46,600 p.s.i.

Figure 356.



[ o
N
*
%0
-~
e
/]
5
L
§
o0
n.
-t
Et)
-]
L.
[ 2]
]
3
. [V}
¥ B
1] &
3 v
il ,;, m
: =
¢l o
o 5
g %)
mm Y
< :
o -
3 :
= :

18221




RACA

Flgure 38.

Grips for compression samples.

38
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Fig. 39
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FIGURE 39-WIRING DIAGRAM OF STRAIN MEASURING BRIDGE
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Oscilloscope
Q

Amplifier M

~—Slide Wire
G

(Connections
(to gages.

Qscillator A 17303

Figure 40.

Photograph of strain analysis equipment
for use in making dynamic measurements
with SR-4 strain gages.
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Dynsmic deflection
under load

Static deflection

No load
static position

Figure 41.- Deflection of center line of loading lever (the deflection is
groeatly exaggerated to indicate the effect of ipertia. Pointe
¥,0,P,Q,B are points of attachment of strain gages mentioned in the text).
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Static throw (1b)

NACA

8000
6000 /
4000 //
%
-0 Aluminum-compression
/ X Iron-pipe-compression

2000 ® 5Stmel plate-tension

/ 4 Spot-welded aluminum—

/ tension
— .
0 2000 4000 6000

Figure 42.- Calibration for dynamic throw (left hand side - machine P-18)

Dynamic tbhrow (1b)
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